AD 

ORNL/TM-9571 


OAK  RIDGE 
NATIOISfAL 
LABORATORY 


The  Chemical  and  Physical  Characteriiation  of 
Phosphorus  Smokes  for  Inhalation  Exposure  and 
Toxicology  Studies 


Chemical  Characterization  and 

BZSSS&EESSSSSi  Tozicologic  Evaluation  of 

Airborne  lyiixtures 


CM 

00 

cn 

in 

< 

I 

D 

< 


o- 

a. 

P 

-O 


UJ 


ISf RAta  BV 

mm  BitRiiY  sifsiltis.  ac. 

FOB  m  UiiillO  SffIS 

DB^IUBit  OF  mv 


FINAL  aEFORT 


R.  S.  Bra^ell 
J.  H.  Moneyhun 
P.  W.  Holmbar 

Juno,  1934 

Supported  by 


U.S.  AHWY  MEDfCAL  RESEARCH 
AND  DEVELOPMENT  COMMAND 
Fort  Oetrick,  Frederick,  MD  21701 


Army  Project  Order  Nos.  9600-  0027,  ajid  1807  y 

Project  Officer;  Janies  C.  Eaton 

Health  Effects  Research  Division 
U.S.  ARMY  MEDICAL  BIOENGINEERING 
RESEARCH  AND  DEVELOPMENT  LABORATORY 

Fort  Detrlck,  Frederick,  MD  21701 

Approved  for  public  release; 
distribution  unlimited 

The  findings  in  this  report  are  not  to  be  construed  as  an  offi¬ 
cial  Department  of  the  Army  position  unless  so  designated 
by  other  authorized  documents. 


Printed  in  the  United  States  of  America.  Available  from 
NatiOiial  Technical  Informahon  Service 
U.3.  Department  of  Commerce 
5285  Port  Royal  Road.  Springfield,  Virginia  22161 


NT  IS  price  codes— Printed  Copy:  A04:  Microfiche  A01 


This  report  was  prepared  as  an  account  ol  work  sponsored  by  an  agency  nf  the 
United  StatesGovernment.  Neither  theU  nited  Slates  Government  nor  any  agency 
thereol.  nor  any  o(  their  employees,  makes  any  warranty,  express  or  imolied,  or 
assumes  cny  legal  liability  or  responsibility  tor  the  accuracy,  completeness,  or 
usefulness  of  any  mlormation,  apparatus,  product,  or  process  disclosrd.  or 
repf esonts  that  i  ts  use  would  not  infringe  private'y  owned  rights.  Role  rence  here  n 
to  any  specific  commercial  producl.  process,  or  service  by  trade  name,  trademark, 
manulaclurer.  or  otherwise,  does  n.pt  necessarily  constitute  or  imply  its 
endorsement,  recommendation,  or  favoring  by  the  Uni’ec  SiatesGovernment  or 
any  agency  Ihereol  The  views  and  opimcns  ol  authors  expressed  heroin  do  not 
necessarily  slate  or  reflect  those  oltheUnited  Stales  Government  or  any  agency 
thereol 


PAGES _ 

ARE 


MISSING 

IN 

ORIGINAL 

DOCUMENT 


Unclassified 


security  classification  of  this  page  Dtim  Snfrtd) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

U  REPORT  NUMBER 

.... 

2.  GOVT  ACCESSION  NO. 

■  -  --  -  -  -  -  j 

3.  RECIPIENT’S  CATALOG  NUMBER 

A.  Title  (and  Subtil/*; 

5.  type  of  REPORT  &  PERIOD  COVERED 

The  Chemical  and  Physical  Characterization  of 
Phosphorus  Smokes  for  Inhalation  Exposure  and 

Final  Report  1982-1984 

Toxicology  Studies 

• 

_ 1 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHCRf.'l 

R,S.  braze 11 -Ramsey 

J.  H.  Moneyh-in  and 

P.,  W,  Holraberg 

B.  CONTRACT  OR  GRANT  NUMBERf.) 

Army  Project  Orders 

No.  9600  and  0027 

9.  PERFORMIN?  ORGANIZATION  NAME  ANO  ADDRESS 

Oak  ludge  National  Laboratory 

Oak  Ridge,  IN  37831 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  A  WORK  UNIT  NUMBERS 

62777  A 

3E162777A878 

1  1.  CONTFOLLING  OFFICE  NAME  ANO  ADDRESS 

U.S.  Army  Medical  Research  and  Development 

12.  REPORT  DATE 

June,  1984 

Command 

Fort  Detrick,  Frederick,  MD  21701-5012 

13.  NUMBER  OF  PAGES 

60 

14.  MONITORING  AGENCY  NAME  A  ADORESSlII  dlliaranl  Irom  Controlling  Olllco) 

IS.  SECURITY  CLASS.  Col  thU  rmporf} 

U.S.  Army  Medical  Bioengineering  Research 
and  Development  Laboratory 

Unclassified 

Fort  Detrick,  Frederick,  MD  21701-5010 

15*.  DECL  ASSI FIC  ATION/  DOWNGRADING 
schedule 

1  16.  OlSTRieUTlON  STATEMENT  (ot  t/il«  K«porf> 

Approved  for  public  release;  distribution  unlimited. 

IT.  OlsrniaoTION  statement  (oI  IA*  abatracl  wl*t*d  In  Block  10,  II  tUlItttnl  Inm  RapoH) 

l».  SUPPLEueNTAHY  NOTES 

j  16.  KEY  *0^06  fCCnNrtu*  *1^  U  atW  ItJaMMiy  6/  Mock  rtucn6*f^ 

Red  phosphorus  -  butyl  rubber 

Wliite  phosphorus  -  felt 

Aerosol 

Combustion  products 

Phosphoric  acids 

2Q.  ABSTRACT  CCotHteKjm  mm  Wal*  N  nmcm^mtr  taid  /tfan/ifr  Av  klack 

'vTlu'  chemical  and  physical  properties  of  the  aerosols  produced  from  the 
combustion  of  red  phosphorus  containing  butyl  rubber  (RPBR)  and  white  phos¬ 
phorus  impregnated  in  felt  (WPF)  have  been  examined.  Tl;e  aerosols  were 

produced  at  a  uniform  concentration  by  extruding  softened  raw  material  and 
burning  the  emerging  filament  or  by  igniting  fragments  of  the  formulations  in 
a  convective  air  flow.  Aerosol  particle  sizes  were  found  to  be  within  the 
respirable  range,  varying  from  0.4  to  l.O  nicrooeters  depending  upon  gener¬ 
ation  conditions  and  aerosol  age  at  collection.  Chemically,  both  RPBR  and 

^  (  jm'w  1^73  ewtioai  or  >  HOv«sivoesoLETE 


SECUPH'^V  CLASSIFICATION  OF  THIS  PAGE  (AShw  0*<«  CatorM) 


Unclassified 

security  classification  of  This  PAOErHTi«n  g«l«  gnUfrfJ _ 

^WPF  aerosols  were  found  to  be  very  similar,  composed  primarily  of  water  and 
phosphoric  acids.  Organic  compounds  and  Inorganic  gases  were  detected  only  at 
trace  levels.  / 1  c  y;'.  n -j  -  :  •  -f',)  >  i .  i  r  d>'  V  < 


tecu«tTv  cu  »sitric *t!Ok  cr  this  » *.o o*** 


AD 

ORNL/TM-9571 

Chemical  Characterization  and  Toxicologic  Evaluation  of 

Airborne  Mixtures 


THE  CHEMICAL  AND  PHYSICAL  CHARACTERIZATION  OF  PHOSPHORUS  SMOKES 
FOR  INHALATION  EXPOSURE  AND  TOXICOLOGY  STUDIES 

PREPARED  BY 


R.  S.  Brazell 
J.  H.  Moneyhun 
R.  W.  Holmberg 

Bio/Organic  Analysis  Section 
Analytical  Chemistry  Division 
Oak  Ridge  National  Laboratory 
Oak  Ridge,  TN  37831 


DATE  PUBLISHED:  April  1985 


Supported  by 

U.S.  ARMY  MEDiaAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
Fort  Detrlck,  Frederick,  MD  21701-5012 
Army  Project  Order  Nos.  9600  and  0027 


Project  Officer:  James  C.  Baton 
Health  Effects  Research  Division 

U.S.  Aray  Medical  Bioengineering  Research  and  Development  Laboratory 
Fort  Detrick,  Frederick,  MD  21701-5010 


OAK  RIDGE  NATIONAL  UBORiiTORY 
Oak  Ridge,  Tennessee  37831 
operated  by 

M/\RTIN  MARIETTA  ENatGY  SYSTEMS.  INC. 
for  the 

U.S.  DEPARTMENT  OF  ENERGY 
Under  Contract  No,  DE-AC05~34OR2 1400 


EXECUTIVE  SIWMARY 


ThiK  report  describes  the  chemical  and  physical  properties  of 
aerosols  and  combustion  products  produced  from  the  burning  of  two  mili¬ 
tary  obscurant  sources:  red  phosphorus  containing  butyl  rubber  (RPBR) 
and  white  phosphorus  impregnated  in  felt  (WPF).  Particular  emphasis 
has  been  placed  on  those  properties  of  toxicological  interest.  Aero¬ 
sols  formed  under  two  different  generation  conditions  have  been  inves¬ 
tigated.  In  one,  with  RPBR  only,  the  material  was  softened  with 
hexane,  extruded  and  burned  continuously  for  introduction  into  chambers 
at  a  uniform  concentration  for  inhalation  toxicology  testing.  In  the 
other,  where  both  RPBR  and  WPF  were  burned  for  chemical  comparison, 
fragments  of  the  materials  weri,  placed  on  a  surface  and  burned  in  a 
convective  air  flow.  In  addition,  the  RPBR  source  material  has  been 
analyzed  for  composition  and  Impurities. 

Aerosol  particles  produced  from  burning  phosphorus  are  present  as 
concentrated  solutions  of  phosphoric  acid  in  water.  In  humid  air,  the 
phosphorur  burns  to  form  phosphorus  pentoxide  and  hydrates  to  form  the 
phosphoric  .^ild  which  then  absorbs  more  water  vapor  to  form  the  aqueous 
aerosol  particles.  The  acid  concentration  in  the  particles  varies  with 
humidity,.  At  the  lowest  humidity  studied,  14  percent,  the  aerosol  com¬ 
position  was  8S  percent  phosphoric  acid;  at  84  percent  relative 
humdity,  a  concentration  of  31  percent  phosphoric  acid  was  found. 

The  phosphoric  acid  exists  in  the  aerosol  particles  in  polymeric 
form.  Linear  polyphosphate  chains  with  as  many  as  18  phosphorus  atoms 
have  been  resolved  by  anion  exchange  chromatography.  In  addition,  more 
complex  polymeric  forms  contribute  to  the  anion  exchange  profile.  Only 
minor  changes  were  observed  in  these  polymer  profiles  with  changes  in 
burn  conditions  in  the  continuously  generated  aerosol  from  RPBR.  In 
the  free  burn  experiments  with  both  RPBR  and  WPF,  the  higher  polymers 
were  not  evident.  No  pronounced  differences  were  seen  when  comparing 
the  smokes  from  RPBR  and  WPF.  Hie  polymeric  character  of  the  aerosol 
apparently  depends  more  on  the  conditions  under  which  it  was  burned 
than  on  whether  it  was  red  or  white  phosphorus. 

Aerosol  particle  size  was  measured  by  cascad-  •'r  c.c'.cv  techniques. 
In  all  experiments,  mass  median  diaaetets  found  w'ere  within  the  respir¬ 
able  limit,  varying  from  0.4  to  1.0  micrometers  diameter  depending  on 
generation  conditions,  age,  and  humidity.  Continuously  generated 
aerosols  were  nearer  the  smaller  size  listed  above  while  those  produced 
from  free  burns  were  near  the  upper  limit.  Ihe  residence  time  of  the 
aerosol  in  the  exposure  chamber  bad  a  larger  influence  on  particle  size 
than  did  humidity  in  the  range  studied. 

Tlie  aerosols  and  exposx»re  atmospheres  were  examined  for  organic 
compounds  and  other  trace  impurities  of  possible  toxicological  Inter¬ 
est.  Phosphine  was  not  detected,  and  elemental  phosphorus  was  seen 
only  with  sensitive  detection,  but  at  non-significant  levels.  Traces 
of  hexane  were  detected  in  softened  RPBR;  methylene  chloride  was  not. 
Total  organic  carbon  analyses  were  performed  to  establish  an  upper 
limit  to  organic  Impurities  that  night  arise  from  the  source  materials. 
Results  indicated  no  more  chan  0.04  percent  organic  contribution  Co  the 
aerosol.  Traces  of  carbon  monoxide  and  nitrogen  oxides  were  deter¬ 
mined,  but  again  these  were  below  established  toxicity  limits. 
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INTRODUCTION 


The  combustion  products  of  two  phosphorus-containing  obscurants 
that  are  in  the  military  Inventory  —  red  phosphorus-butyl  rubber 
(RPBR)  and  white  phosphorus  impregnated  in  felt  (WPF)  —  have  been 
chemically  and  physically  characterized  in  support  of  the  toxicology 
program  of  the  U.  S.  Array  Medical  Bioengineering  Research  and  Develop¬ 
ment  Laboratory,  Fort  Detrick,  Frederick,  MD.  Additionally,  since  the 
RPBR  foraiulation  is  still  developmental,  the  particular  batch  of  mate¬ 
rial  that  is  being  used  in  the  ongoing  toxicological  studies  at  the 
Illinois  Inotltute  of  Technology  Research  Institute,  Chicago,  IL,  has 
been  analyzed. 

In  Army  field  use,  these  two  obscurant  systems  are  deployed  explo¬ 
sively  from  grenades  or  howitzer  shells.  Fragments  of  the  phosphorus 
formulations  ignite  and  produce  a  dense  and  obscuring  white  cloud. 
Both  formulations  are  primarily  phosphorus  in  one  of  its  elemental 
forms,  but  contain  organic  binders  (felt  or  butyl  iubber)  added  for 
pyrotechnological  reasons.  These  organic  constituents  and  their  trans¬ 
formation  products  may  also  be  present  In  what  is  primarily  an  inor¬ 
ganic  smoke  matrix,  and  are  potential  contributors  to  the  toxicity  of 
the  smoke.  The  analytical  work  presented  here  also  addresses  these 
impurities  as  well  as  other  impurities  of  toxicological  interest. 

To  put  the  analytical  results  in  perspective,  we  shall  briefly  and 
simply  review  the  primary  chemical  processes  that  underlie  the  forma¬ 
tion  of  the  aerosol.  Elemental  phosphorus,  in  either  of  its  allotropic 
forms,  burns  in  air  to  form  phosphorus  pentoxide: 

4  P  +  5  O2  - >  P4O10  (1) 

Incomplete  oxidation  to  lower  valent  phosphorus  oxides  is  also  poss¬ 
ible,  but  these  would  noL  be  expected  in  major  amounts  in  the  strongly 
oxidizing  conditions  that  occur  in  obscurant  deployment.  In  even 
slightly  lucaid  air,  there  is  sufficient  water  vapor  so  that  tin;  phos¬ 
phorus  pentoxide  reacts  to  form  phosphoric  acid: 

+  (3  (12*^ - >  ^  (2) 

and  then  further  hydrates  to  form  liquid  aerosol  particles  that  may  bo 
regarded  as  a  concentrated  solution  of  phosphoric  acid  in  water.  tlie 
acid  concentration  of  this  solution  depends  on  the  water  vapor  concen¬ 
tration  in  the  aerosol  atmosphere. 

In  oq.  (2)  we  have  written  the  stoichiometric  forsvila  for  orttio- 
phosphorlc  acid.  Hie  fomwil  composition  of  the  .aerosol  particles  may 
always  be  expressed  in  these  terms;  e.g. ,  percent  phosphoric  acid. 
Chemically,  the  phosphoric  acid  nay  exist  as  polymers.  Both  linear 
polyacric  chains,  e.g.,  ortho-trlpolyphosphoric  acid: 


OH  OH  OH 


and  cyclic  forma;  e.g. .as  trimetaphosphorlc  acid: 


0.  OH 

%/ 

P 

/  \ 


0  0 


0  0 


are  known  to  exist.  More  complicated  forms  such  as  branched  chains  and 
mixed  cyclic-linear  forma  are  undoubtedly  possible.  All  of  the  forms 
can  be  considered  to  be  formed  from  o-phoaphoric  acid  by  dehydration- 
polymerization  reactions  of  the  type: 

3  H3PO4  — >  ^15^3^10  2  ^2^  (tripolyphosphoric  acid) 

3  H3PO4  — >  H3P3O9  +  3  U2O  (trimetaphosphoric  acid) 

R.  F.  Jameson^ has  shown  that  polymeric  phosphoric  acids 
exist  at  equilibrium  only  in  exceedingly  concentrated  solutions,  when 
the  composition  of  the  solution  exceeds  73  percent  when  expressed  as 
weight  percent  phosphorus  pentoxlde  (100  percent  expressed  as  weight 
percent  H3PO4).  Liquid  solutions  of  this  concentration,  and 
higher,  can  be  formed  by  addition  of  phosphorus  pentoxide  to  ortho 
phosphoric  acid  or  by  dehydration  of  phosphoric  acid  solutions.  As  the 
concentration  increases,  longer  chains  and  the  more  complicated  forms 
are  produced  and  exist  at  equlllbrito.  In  the  data  we  shall  present, 
aerosol  compositions  were  always  less  than  84  percent  phosphoric  acid 
(61  percent  expressed  as  phosphorus  pentoxlde),  yet  a  wide  variety  of 
polymers  was  found.  These  are  evidently  not  In  thermodynamic  equllib- 
rliva,  hut  exist  because  of  the  slow  rates  of  r>  polymerization.  One  can 
envision  their  formation  in  tlie  following  manner.  Water  is  progres¬ 
sively  absorbed  by  the  nascent  phosphorus  pentoxlde.  For  a  short  time, 
Che  ratio  of  pfvosphorus  pentoxide  to  water  is  very  high.  Under  these 
conditions,  very  high  polymers  cai:  form  rapidly.  As  more  water  is 
absorbed  to  dilute  tlic  acid,  the  equilibrium  conditions  are  reversed, 
but  because  of  the  slowness  of  the  dcpolyaerizatlon  reaction,  the 
higher  polymers  exist  more  or  less  stably  throughout  clu*  lifetime  of 
the  aerosol. 


KATKKLALS  AKU  HKTHODS 


RAW  HATKRIALS 

RP8R.  The  RPBR  used  In  chess  experloents  was  an  engineering  devel- 
o(iQcnt  batch  (105  Kg)  obtained  from  the  U.S.  Army  Chemical  Research  and 
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Developmetit  Center  (CROC),  Aberdeen  Proving  Ground,  MD.  The  formula¬ 
tion  had  been  prepared  by  mixing  oiled  red  phosphorus  with  butyl  rubber 
In  the  presence  of  methylene  chloride  which  serves  as  a  softening/ 
swelling  agent  for  the  rubber.  The  butj'l  rubber  Is  added  at  a  nominal 
five  percent  of  the  phosphorus.  After  thorough  mixing,  the  material 
was  mechanically  extruded  through  one-quarter  inch  dies  and  chopped 
into  small  pellets.  It  was  then  dusted  lightly  with  talc  to  prevent 
cohesion  of  the  individual  pellets,  and  oven  dried  at  low  temperatures 
to  remove  the  methylene  chloride. 

For  much  of  the  work  reported  here,  the  RPBR  has  been  further 
processed  to  allow  extrusion  in  the  ORNL  extrusion-combustion  gene¬ 
rator.  The  material  Is  softened  by  the  absorption  of  irsxane 

vapors  to  7  to  8  percent.  The  details  of  this  softening  procedure  are 
given  elsewhere, 

WPF .  A  phosphorus  containing  cyl.'der  from  a  ISS-mm  artillery 
shell  was  received  from  the  Army  via  the  Illinois  Institute  of  Tech¬ 
nology  Research  Institute,  Chicago  IL.  This  stainless  steel  casing 
was  cut  open  under  water  and  the  white  phosphorus-felt  wedges  were 
separated  from  the  internal  spacers  and  phosphorus  scrap.  In  all,  108 
wedges  were  harvested.  Each  was  shaped  as  a  90  degree  sector  of  a  12.7 
cm  diameter  circle  and  was  2,2  cm  thick.  The  average  weight  per  wedge 
was  63  g  and  consisted  nominally  of  80  percent  a -white  phosphorus 
impregnated  in  a  wool  felt  matrix  material.  They  were  stored  under 
water  prior  to  use. 


A.\AUYTICAL  METHODS  FOR  THE  RPBR  FORilUUTIOti 

Characterization  of  the  raw  material  Is  required  to  ensure  a  uni¬ 
form  product  for  smoke  generation  for  the  inhalation  toxieoiogy  and  to 
identify  at^y  constituents  which  may  have  toxicological  consequence  In 
the  exposure  experiments.  Parameters  which  were  measured  on  a  routine 
basis  for  quality  assurance  of  RPBR  are  total  phosphorus,  organic 
extractablcs,  and  hexane  softening  agent.  Other  constituents  that  have 
been  measured  are  elemental  impurities,  and  residual  methylene 
chloride. 

Total  Pnosphorus.  Phosphorus  Is  determined  gravimetrlcally  as 
aa^gneslisa  pyrophosphate  follevwing  dissolution  of  tlie  RPBR  in  nitric 
acid  and  bromine. 

Organic  Extractablcs.  Organic  constlfients  are  extracted  with 
hexane  and  consist  primarily  of  butyl  rubber  and  mineral  oil.  A|»proxi- 
oatcly  5  g  of  RPBR  is  weighed  and  placed  in  a  tared  centrifuge  tube  to 
which  3  aL  of  hexane  are  added.  The  alxture  is  shaken  vigorously  to 
break  up  the  sample.  The  tube  is  then  centrifuged  for  *0  ain  and  the 
solvent  decanted  into  a  weighed  bottle.  This  procedure  is  repeated 
twice,  adding  the  solvent  to  the  same  bottle.  The  bottle  is  dried  to 
remove  hexane,  and  the  weight  loss  is  taken  as  the  amount  of  organic 
extractablcs.  Three  separate  determinations  arc  eadc  and  the  average 
is  reported  as  the  percent  extracted. 
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An  alternate  procedure  in  which  the  collected  hexane  solvent  is 
slowly  evaporated  in  a  stream  of  dry  nitrogen  and  the  residue  weighed 
was  also  investigated.  Generally  this  alternate  procedure  yielded 
results  which  were  slightly  lower  (ca.  0.25  percent).  This  may  reflect 
the  presence  of  slightly  volatile  organic  components. 

Hexane.  The  quantity  of  hexane  added  to  soften  the  RPBR  for  extru¬ 
sion  in  the  generators  is  determined  gravimetrically . 

Mineral  Oil.  Size  exclusion  liquid  chromatography  was  used  to 
determine  the  oil  content.  The  organics  are  first  extracted  from  the 
raw  material  with  hexane  and  the  solvent  slowly  evaporated  with  a 
stream  of  nitrogen.  This  is  then  treated  twice  with  5  mL  portions  of 
methylene  chloride  which  extracts  the  oil.  The  methylene  chloride  is 
evaporated  under  dry  nitrogen  and  the  residue  taken  up  in  tetrahydro- 
furan  (THF) .  An  aliquot  of  the  THF  sample  is  chromatographed  on  two 
size  exclusion  columns  connected  in  series:  PL  gel  100  A,  (5  ym) , 
and  PL  gel  50  K  (5  ym).  Both  columns  are  30  cm  x  7.7  mm  I.D.  and 
were  purchased  from  Applied  Science,  State  College,  PA,  The  samples 
are  analyzed  isocratically  using  THF  as  the  mobile  phase  at  0.7  mL/min, 
delivered  by  a  Laboratory  Data  Control  (LDC)  LC  System  Support  Unit  1 
pump.  The  oil  peak  elutes  in  about  25  min  and  is  detected  by  a  Model 
1109  LDC  Refractofflonitor  II  differential  refractometer.  The  peak 
height  is  proportional  to  the  concentration  injected.  Standards  for 
comparisons  are  prepared  from  pure  mineral  oil  dissolved  in  THF. 

Elemental  Impurities.  RPBR  was  analyzed  for  trace  metals  by  opt¬ 
ical  emission  spectroscopy  and  by  inductively  coupled  plasma  spectros¬ 
copy  (ICP)  which  provide  semiquantitative  and  quantitative  data, 
respectively.  Standard  procedures  were  used  for  the  determinations. 

Methylene  Chloride.  RPBR  was  also  examined  for  residual  methylene 
chloride  because  of  the  use  of  that  solvent  in  the  manufacture  of  the 
material  and  because  of  the  potential  toxicity  of  chlorinated  hydro¬ 
carbons.  One  gram  samples  were  extracted  with  isopropanol,  allowing  at 
least  30  min  of  contact  time  with  the  solvent.  The  isopropanol  solu¬ 
tion  was  then  analyzed  both  by  GC/FID  and  GC/MS  with  chromatographic 
separations  made  on  a  1,8  m  x  3  mm  0. D.  glass  column  packed  with  1 
percent  SP  1000  on  Carbopack  B  (60/80  mesh).  The  column  was  operated 
isothermally  at  90®G  with  a  helium  carrier  gas  flow  rate  of  30  mL/min, 
GC/FID  anaiyses  were  conducted  on  a  Perkin  Elmer  3920  B  gas  chromato¬ 
graph  equipped  with  an  on-column  injector.  The  identity  was  confirmed 
by  MS  determinations  made  on  a  Hewlett-Packard  5935  A  instrument  with 
the  electron  impact  source  at  70  eV. 


COMBUSTION  PROCESS 

Most  of  the  results  reported  here  refer  to  phosphorus  smoke  from 
the  combustion  of  RPBR  produced  at  known  and  uniform  concentrations 
using  the  ORNL  extrusion  combustion  generator.  The  design  and  opera¬ 
tion  of  this  sytera  has  baan  described. (2)  Briefly,  RPBR  softened 
by  the  inclusion  of  hexane  was  extruded  through  an  orifice  and  the 
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emerging  filament  continuously  burned  in  a.  stream  of  air.  At  constant 
extrusion  rate  and  airflow,  an  aerosol  of  uniform  concentration  was 
produced  for  biological  or  chemical  studies.  The  aerosol  was  carried 
to  exposure  chambers  through  flexible  stainless  steal  tubing.  To 
minimize  the  interference  from  artifactual  organics,  an  all  glass  and 
metal  apparatus  has  been  used.  At  the  outset  of  this  work,  it  was 
recognized  that  the  air  velocity  across  the  burning  phosphorus  filament 
may  influence  the  aerosol  chemistry.  Most  of  the  work  was  performed 
here  with  sampling  from  a  small,  425  L  chamber  with  air  throughputs  of 
250  L/min,  while  the  toxicology  at  Illinois  Institute  of  Technology 
Research  Institute  was  carried  out  in  approximately  1400  L  chambers  at 
500  L/min.  To  maintain  an  air  velocity  equivalent  to  the  IITRI  burn 
conditions,  a  restrictor  was  placed  before  the  burn  site  to  control  the 
air  velocity.  Aerosol  concentrations  were  controlled  by  adjusting  the 
extrusion  rate  and  were  monitored  on-line  with  a  backs catte ring 
particle  sensor.  Moisture  levels  of  the  incoming  air  were  controlled 
in  the  range  from  20  to  85  percent.  Details  on  the  manner  in  which 
specific  generator  conditions  were  varied  to  study  their  effects  on 
aerosol  composition  are  described  in  corresponding  sections  of  this 
report. 

In  addition  t  .  production  of  aerosol  using  the  generator,  both 
RPBR  and  WPF  were  "statically  burned".  Simply,  fragments  of  the  mate¬ 
rial  were  burned  in  air  and  the  smoke  carried  to  the  chambers  for 
sampling  as  described  above.  A  more  or  less  continuous  generation  of 
aerosol  was  achieved  by  manually  adding  another  fragment  of  the  phos¬ 
phorus  as  the  flame  from  previous  ones  began  to  subside.  Again  the 
aerosol  concentration  was  monitored  using  on-line  particle  sensors. 
The  capability  of  observing  this  instantaneous  concentration  aided  the 
operator  in  maintaining  a  more  uniform  chamber  concentration  as  samples 
were  being  taken  for  analysis.  The  phosphorus  formulations  were  burned 
on  the  surface  of  a  bed  of  clean  sand.  The  rationale  for  the  static 
burn  experiments  was  two-fold.  First,  it  was  desired  to  compare  the 
smoke  from  the  two  formulations  under  similar  burn  conditions,  and  the 
technology  for  extruding  the  WPF  was  not  available.  Secondly,  the 
static  burn  more  closely  mimics  the  production  of  smoke  in  the  second 
phase  of  the  field  usage,  i.e.,  particles  burning  on  the  ground  with 
only  convective  air  flow  across  the  burn. 

No  direct  comparisons  of  field  generated  smoke  and  our  laboratory 
simulations  have  been  made.  It  is  therefore  appropriate  to  discuss  the 
type  of  burning  conditions  that  exist  when  an  obscurant  charge  is 
deployed.  We  consider  here  primarily  different  air  flow  conditions; 
this  flow  controls  Che  rapidity,  the  temperature,  and  completeness  of 
the  oxidation  process  and  might  be  important  not  only  for  the  phospho¬ 
rus  chemistry,  but  also  for  that  of  the  organic  binders.  Two  extremes 
of  conditions  exist.  The  explosive  charge  Ignites  the  phosphorus  and 
propels  it  at  high  velocity  through  t\\e  air  where  part  of  it  burns  Co 
form  smoke.  The  obscurant  systems  are  designed,  however,  so  chat  a 
fraction  of  the  material  reaches  Che  ground  and  continues  to  burn,  but 
more  slowly  and  with  much  less  access  Co  oxygen.  In  the  generator 
there  Is  a  relatively  high  velocity  of  air  across  the  burning  phospho¬ 
rus.  This  mimics  conditions  that  exist  during  the  air  burst.  Condi¬ 
tions  that  exist  in  the  static  burning  apparatus  more  closely  mimic 
smoldering  on  the  ground. 
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ANALYTICAL  METHODS  FOR  COMBUSTION  PRODUCTS 
Aerosol 

Aerosol  Concentration  Determinations.  The  concentration  of  the 
phosphorus  aerosol  can  be  expressed  as  the  weight  of  total  aerosol  per 
unit  volume  of  air  sampled  or  as  the  weight  of  phosphoric  acid  per  unit 
volume.  Both  are  satisfactory  as  measures  of  aerosol  concentration, 
but  the  weight  concentration  is  humidity  dependent.  The  aerosol 
particles  absorb  water  to  approach  an  equilibrium  with  the  water  vapor 
concentration.  The  phosphoric  acid  concentration  is  more  directly 
related  to  the  amount  of  phosphorus  burned.  Two  methods  were  used  to 
monitor  the  weight  concentration  of  the  aerosol.  Samples  drawn  from 
the  exposure  chamber  at  known  and  monitored  flow  rates  onto  glass  fiber 
filters  (Cambridge  Filter  Co.)  provided  average  values  over  the 
sampling  period.  To  monitor  the  aerosol  concentration  continuously,  a 
light  scattering  technique  which  has  been  previously  described  was 
used.(^)  Briefly,  this  method  relies  on  a  phototransistor  to 
detect  light  scattered  backward  from  the  aerosol  particles.  Tlie  light 
source  is  a  light  emitting  diode  (LED)  mounted  beside  the  phototran¬ 
sistor.  The  signal  produced  is  amplified  and  used  to  drive  a  digital 
voltmeter,  strip  chart  recorder,  or  other  signal  recording  devices. 
The  raouicor  was  calibrated  to  yield  a  specific  signal  to  concentration 
value  obtained  from  filter  pad  weights. 

The  phosphoric  acid  concentration  was  determined  on  samples 
commonly  collected  for  weight  concentration  measurements.  The  sample 
is  extracted  from  the  filter  pads  into  NaCl  solution  containing  EDTA. 
The  solution  is  then  analyzed  on  the  flow  injection  system  as  described 
in  Appendix  B, 

Particle  Size  Distribution,  A  Mercer-type  seven-stage  cascade 
irapactor  (In  Tox  Products,  Albuquerque,  NM)  was  used  to  determine  the 
particle  size  distribution.  Glass  slide  cover  slips  were  used  as 
plates  for  the  Individual  stages  and  a  glass  fiber  filter  was  used 
after  the  final  stage.  The  impactor  was  operated  at  a  flow  rate  of 
1  L/toin  using  flow  controlled  sampling  pumps.  Samples  were  drawn 
directly  from  the  exposure  chamber  with  the  Impactor  held  in  a  vertical 
pouition.  Details  of  this  method  and  the  data  reduction  have  been 
given  previously 

Individual  substrate  plates  were  analyzed  for  total  phosphoric  acid 
following  extraction  in  NaCl/EDTA  solution.  Tliese  values  were  then 
used  to  determine  the  weight  percentages  retained  on  each  stage.  Tiie 
cumulative  weight  percentages  and  stage  cut-off  diameters  were  plotted 
on  logritlmic  probability  axes  from  which  mass  median  diameters  (MMD) 
and  associated  geometric  standard  deviations  were  determined. 

Total  Phosphate  and  Phosphorus  Speclation.  A  flow  Injeccion 
analysis  (KL\)  system  was  assembled  and  coupled  to  a  high  performance 
liquid  chromatograph  for  use  as  a  specific  posL-column  deteo..or  for 
linear  and  cyclic  condensed  phosphoric  acids.  Tlie  condensed  phosphates 
were  separated  by  anion  exchange,  hydrolyuad  to  orthophosphoric  acid, 
and  condensed  with  molybdic  acid  to  form  a  molybdenum  blue  complex 


which  was  detected  in  a  flow-through  adsorption  cell.  This  system  was 
used  to  analyze  the  aerosols  from  the  combustion  of  red  and  white  phos¬ 
phorus  and  to  examine  the  relationship  between  experimental  combustion 
conditions  and  the  composition  of  the  phosphoric  acids.  The  system  was 
also  used  for  the  rapid  "batch"  analysis  of  aerosol  samples  for  total 
phosphoric  acid.  In  the  latter  case,  samples  were  introduced  directly 
into  the  stream  of  molybdic  acid  reagent  without  prior  separation.  The 
condensed  phosphates  are  hydrolyzed  and  reacted  in  a  reaction  coil 
maintained  at  elevated  temperatures.  A  diagram  of  the  system  is  shown 
in  Figure  B-1  and  a  complete  description  is  given  in  Appendix  B. 

Total  Organic  Carbon  (TOC).  To  determine  the  concentration  levels 
of  organics  in  the  aerosol  derived  from  the  combustion  and  pyrolysis  of 
these  formulations,  TOC  analyses  were  performed.  Aerosol  samples  were 
collected  using  a  glass  Impinger  which  was  fabricated  from  a  flask  with 
a  standard  tapered  mouth  and  an  aerosol  inlet  tube.  Glass  fiber  filter 
samples  could  not  be  used  because  of  high  TOC  blank.  The  end  of  the 
tube  was  cons.':ric*•^d  to  an  opening  of  0.028  inches  and  bent  so  that  the 
aerosol,  pul^cid  through  the  tip,  impinged  upon  the  wall  of  the  flask 
and  flowed  to  the  bottom.  At  a  sampling  rate  of  5  L/m,  the  Stokes  cut¬ 
off  diameter  for  this  ystem  was  calculated  to  be  approximately  0.2  ym 
which  is  near  the  lower  lim'^t  of  the  phosphorus  aerosol  particle  size 
distribution.  Experimental'/,  the  collection  efficiency  was  found  to 
be  greater  than  97  percent  based  or.  the  weight  of  material  collected  on 
fibrous  filters  located  after  the  impinger.  The  aerosol  collected  in 
this  manner  was  oxidized  to  convert  all  organics  to  CO2,  which  was 
subsequently  measured  on  a  com..ercially  available  TOC  analyzer  using 
standard  procedures. 

Vapor  Phase  and  Gas  Phase  Constituents 

Samples  for  the  analysis  of  gaseou^.  and  volatile  compounds  were 
collected  from  the  exposure  chamber  in  Teilar’"  bags  (SKC  Inc.,  Eighty 
Four,  PA)  placed  downstream  from  glass  fiber  filters.  Connections 
between  the  sampling  bag,  pump,  filter,  and  sample  S'^urce  were  made 
with  Teflon  co  minimize  contamination.  The  bags  were  equipped  with 
stainless  steel  septum  caps  and  replaceable  septuras  from  which  samples 
could  be  easily  removed  with  a  gas  tigi.L  syringe.  analyses  were  con¬ 
ducted  immediately  after  collection  to  minimize  compositional  changes 
and  sample  loss. 

Volatile  Organic  Compounds.  Low  molecular  weight  organics  and 
organophosphates  were  determined  by  GC  on  a  Perklu  Elmer  3920  with  a 
flame  ioni-zatlor  detector  (FID)  and  on  a  Va'ian  3700  with  a  nitrogen- 
phosphorous  detector  (NPD),  respectively.  Separations  for  FID  analysis 
were  made  on  a  1.8  m  x  3  mm  O.D.  glass  colui.n  packed  wl'h  80/100  mesh 
Carbopack  C  coated  with  0.1  percent  SP-1000.  The  cciumn  was  operated 
at  b0“C  lor  2  rain,  programmed  et  8°G/mln  to  220'’C,  and  held  for  an 
additional  8  min  at  the  elevated  temperature.  NPD  analyses  were  made 
on  a  1.8  m  X  3  mm  O.D.  glass  column  packed  with  Carbopack  B  containing 
1  percent  SP-IOOO  (60/20  aesh).  The  column  was  programmed  from  30°C  at 
O^C/min  to  ISO'C  where  it  was  held  for  an  additional  20  min.  Helium 
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carrier  gas  flow  rates  for  both  columns  were  30  mL/min.  Flow  rates, 
optimized  for  the  detection  of  P-containing  compounds  on  the  NPD,  were 
175  mL/min  for  air  and  5.0  mL/min  for  H2.  The  NPD  was  calculated  to 
have  a  P  to  C  selectivity  of  7500. 

Carbon  Monoxide  and  Carbon  Dioxide.  Carbon  dioxide  was  analyzed  on 
a  Carle  111  GC  with  a  thermal  conductivity  detector  and  separated  from 
other  air  constituents  on  a  packed  column  of  Amberlyst  15  resin  loaded 
with  reduced  nickel.  The  procedure  of  Horton  and  GuerinC^)  was 
used  without  modification.  Concentrations  of  CO  were  determined  on  a 
Ecolyzar  2000  series  continuous  CO  monitor  (Energetics  Science, 
Elmsford,  NY).  This  Instrument  uses  an  electrochemical  sensor  to  meas¬ 
ure  current  produced  from  the  oxidation  of  CO  to  CO2.  The  response 
is  directly  proportional  to  the  CO  concentration,  and  levels  from  1  to 
50  ppm  can  be  determined. 

Phosphine.  Samples  for  phosphine  analysis  were  analyzed  on  a 
Varian  3700  GC  equipped  with  a  NPD.  Separations  were  made  isothermally 
at  30°C  on  a  1.8  m  x  3  mm  O.D.  column  packed  with  Carbopack  B  contain¬ 
ing  1  percent  SP-1000  (60/80  mesh).  The  helium  carrier  flow  rate  was 
30  mL/min.  All  other  instrumental  parameters  (i.e.  ,  bead  current, 
hydrogen  flow  rate,  and  air  flow  rate)  were  the  same  as  in  the  deter¬ 
mination  for  organophosphates.  Samples  were  injected  on-column  using  a 
gas  tight  syringe. 

Phosphine  (6  ppm)  in  ultra  high  purity  nitrogen  (Linde,  Somerset, 
NJ)  was  diluted  10-fold  with  air  and  used  as  a  standard.  The  estimated 
detection  limit  was  less  than  0.1  ppm  and  elution  time  was  approxi¬ 
mately  one  minute. 

RESULTS  AND  DISCUSSION 


RPBR  FORMUIATION 

RPflR  was  analyzed  with  emphasis  on  constituents  of  potential  toxi¬ 
cological  consequence.  Such  constituents  might  transfer  to  the  aerosol 
during  the  combustion  generation  process.  Since  trace  elements  are  one 
class  of  impurities  which  could  be  transported,  the  material  was  ana¬ 
lyzed  for  these  constituents.  Results  are  presented  in  Table  1.  The 
total  concentration  of  all  the  trace  elements  was  found  to  comprise 
less  than  1  percent  of  the  weight  of  the  material  analyzed,  and  the  low 
levels  of  the  individual  constituents  indicate  chat  they  are  unlikely 
to  contribute  to  the  toxicity  of  the  smoke.  In  addition,  samples  were 
analyzed  specifically  for  arsenic,  since  initial  results  by  emission 
spectroscopy  did  not  provide  a  sensitive  measure  of  this  element  and 
since  it  has  been  reported  to  be  a  major  impurity  in  white  phospho¬ 
rus.  The  highest  concentration  determined  was  210  pg  As/g  of 

RPBR,  which  corresponds  to  approximately  67  pg  As/m^  in  tlie  exposure 
atmosphere  at  an  aerosol  concentration  of  I  mg/L  (as  H3PO4), 
assuming  all  of  it  transfers  to  the  aerosol.  The  American  Industrial 


TABLE  1.  TRACE  ELEMENTS  IN  RPBR 


Element 

Concentration  (ppm)^ 
Emission  ICP 

Element 

Concentration  (ppm)^ 
Emission  ICP 

Ag 

<5 

<0.1 

Mg 

1500 

260 

A1 

250 

470 

Mn 

10 

4.3 

As 

<1000 

180;210 

Mo 

<5 

1500 

Au 

<50 

- 

Na 

600 

2200 

B 

<5 

10 

Nb 

<10 

- 

Ba 

<10 

2 

Ni 

<15 

7.8 

Be 

<1 

0.1 

Pb 

50 

44 

Bi 

<50 

- 

Pt 

<50 

- 

Ca 

1500 

180 

Rb 

<20 

- 

Cd 

<100 

1.1 

Sb 

<50 

23 

Co 

<50 

<0.05 

Sc 

- 

22 

Gr 

<50 

82 

Si 

1500 

240 

Cu 

50 

11 

Sn 

<50 

<0.6 

Fe 

500 

270 

Sr 

<10 

0.5 

Ga 

<15 

<0.1 

Ta 

<50 

- 

Hf 

- 

1.4 

Ti 

<50 

990 

Hg 

<50 

- 

V 

<10 

- 

In 

<50 

- 

U 

<50 

- 

K 

10 

270 

Zn 

<50 

- 

Li 

<10 

<5 

Zr 

<20 

^Analytical  method  by  emission  spectroscopy  or  inductively 
coupled  plasma. 


Hygiene  Association  (AIHA)  occupational  health  standard  for  an  8  hr 
time  weighted  averaged  (TWA)  exposure  for  inorganic  As  is  200  yg/m^. 
Therefore,  it  is  unlikely  that  As  will  significantly  contribute  to  the 
toxicity  of  the  smoke. 

Samples  were  specifically  analyzed  for  methylene  chloride  which  is 
used  as  a  softening  agent  in  the  initial  preparation  of  the  RPBR  formu¬ 
lation.  Although  the  material  was  dried  following  extrusion  into 
pellet  form  and  it  seems  likely  that  most  of  the  methylene  chloride 
would  be  lost  in  the  drying  process,  there  remains  a  possibility  that 
enough  is  retained  to  be  important,  particularly  since  chlorinated 
hydrocarbons  are  toxic  at  low  concentration  levels.  Three  pellets, 
each  weighing  about  one  g,  were  analyzed  by  both  X/FID  and  GC/MS 
techniques.  No  evidence  for  methylene  chloride  was  found.  In  the 
first  case,  the  detection  limit  was  about  50  yg/g  of  RPBR  and,  in  the 
second,  approximately  3  ng/g  of  RPBR.  Corresponding  levels  in  the 
exposure  chamber  would  be  much  lower  than  the  current  OSHA  environ¬ 
mental  standard  or  the  recommended  exposure  limit. (3) 
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For  quality  control  of  the  RPBR  supplied  to  ITTRI  for  use  in  the 
inhalation  studies,  certain  analyses  are  conducted  on  a  routine  basis. 
The  raw  material  supplied  from  CROC  is  first  processed  to  permit 
extrusion  in  the  smoke  generator  systems.  The  treated  material  is 
analyzed  for  phosphorus  and  extractables.  The  percent  hexane  added  for 
softening  is  also  reported  and  the  lubricating  oil  concentration  is 
determined  periodically.  The  results  for  some  of  these  analyses  are 
shown  in  Table  2.  Butyl  rubber  is  calculated  as  the  difference  between 
the  extractables  and  the  oil,  and  averages  4.2  +  0.6  percent  of  the 
total  weight.  The  lubricating  oil  is  1.0  percent  of  the  phosphorus  or 
0.9  percent  of  the  RPBR  weight.  These  values  are  slightly  lower  than 
the  military  specifications  for  oiled  red  phosphorus  which  require  an 
oil  content  of  1.22  to  1.28  percent  by  weight  (see  Appendix  A). 

Phosphorus  was  found  to  comprise  92  percent  of  the  material.  This 
value  is  lower  than  the  expected  95  percent.  When  pure  powdered  red 
phosphorus  (Matheson,  Coleman,  and  Bell,  98  percent  minimum)  and  a 
synthetic  mixture  of  95  percent  red  phosphorus  and  5  percent  butyl 
rubber  were  analyzed,  the  results  were  also  low  (i.e.,  94.6  and  91.6 
percent,  respectively).  The  differences  may  therefore  be  due  to  a  bias 
in  the  analytical  method.  Since  the  precision  was  high,  it  was  satis¬ 
factory  for  determining  relative  changes  in  concentration. 

COMPOSITION  OF  CONTINUOUSLY  GENERATED  AEROSOL  FROM  THE  ORNL  COMBUSTION 
GENERATOR 

In  this  section,  we  discuss  some  of  the  general  chemistry  of  the 
RreR  aerosol  as  produced  from  the  ORNL  Combustion/ Extrusion  generator. 
For  these  experiments,  the  generator  was  operated  at  an  air  flow  rate 
of  250  L/rain  and  an  air  velocity  across  the  burning  RPBR  of  252  m/min. 
The  relative  humidity  ranged  from  40  to  60  percent  depending  on 
laboratory  conditions.  Temperatures  in  the  chamber  were  22  +  2“C. 
Aerosol  concentrations  in  the  range  from  one  to  two  milligrams  per 
liter  were  used  for  most  analyses.  They  were  controlled  by  adjusting 
the  extrusion  rate  of  the  generator  and  were  monitored  on-line  with 
particle  monitors. 

A  typical  profile  obtained  from  the  on-line  monitor  for  aerosol 
concentration  using  the  particle  sensor  is  shown  in  Figure  1.  Only 
minor  fluctuations  corresponding  to  less  than  10  percent  change  were 
detected,  which  indicates  that  a  relatively  even  burn  rate  and  uniform 
concentration  level  were  maintained  in  the  chamber. 

The  aerosol  was  found  to  be  composed  primarily  of  phosphoric  acids, 
ineiat'.,  ng  orthophosphate,  and  linear  and  cyclic  condensed  phosphates. 
Durl  the  development  stages  of  this  project,  several  methods  for 
res'.lving  and  quantitating  these  polymers  were  considered.  These 
included  thin  layer  chromatography  and  nuclear  magnetic  resonance. 
Preliminary  experiments  indicated  that  neither  of  these  provided  the 
specificity  and  resolution  needed,  particularly  when  compared  with  the 
high  performance  anion  exchange  chromatographic  method  that  was 
developed  and  adopted  for  routine  use. 
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*All  values  reported  as  percent  of  total  weight. 


Typical  Aerosol  Concentration  Profile  From  Extrusion/Combustion  Generator. 
Response  of  Gayle/ORNL  Aerosol  Monitor  Has  Been  Converted  to  Concentration 
Units. 


A  typical  chromatogram  of  a  generator-produced  RPBR  aerosol  sample 
showing  individual  separated  phosphoric  acid;  is  shown  in  Figure  2. 
The  sample  was  collected  at  an  aerosol  concentration  of  1,8  mg/L  (1.4 
mg  of  H2PO4/L)  and  58  percent  relative  humidity.  A  series  of 
polyphosphate  species  ranging  from  orthophosphate  to  the  Pj^3 
polymer  was  determined.  The  first  peak  corresponds  to  orthophosphoric 
acid  and  the  remaining  peaks  to  pyrophosphate,  tripoTyphosphate,  etc. , 
up  to  the  P|^3  polymer.  All  of  these  peaks  are  straight  chain 
linear  phosphates.  With  the  exception  of  ortho-  and  occasionally 
pyrophosphate,  P5  or  was  found  in  the  highest  concentration  and 
as  the  polymer  number  increased  beyond  Pg,  there  was  an  approximate 
linear  decrease  in  concentration.  Tlie  large  "envelope"  that  eluted 
from  the  column  is  believed  to  contain  an  unresolved  mixture  of  longer 
straight  chain  (>  P]^4),  branched,  and  cyclic  phosphates.  Analysis 
of  the  samples  on  a  column  which  provided  greater  resolution  (i.e., 
Aminex  A-14)  allowed  determinations  up  to  the  Pj^g  polymer.  Because 
the  concentration  of  these  phosphates  (Pi4~Pl8^  was  very  low 
(i.e,,  1  percent  of  the  total  phosphate  each)  and  the  analysis  time 
very  long  (i.e.,  260  min),  the  samples  were  routinely  analyzed  only  for 
orthophosphate  through  Pi  3*  The  concentration  of  the  higher 
polymers  in  the  envelope  was  calculated  as  the  difference  between  the 
total  phosphate  concentration  and  the  total  of  the  other  distinct  peaks 
which  could  be  quantitated.  Small  amounts  of  the  cyclic  phosphates, 
tetrameta-  and  trimetaphosphate  were  also  detected  in  the  generator- 
produced  aerosols.  They  eluted  at  42.5  and  53  min,  respectively,  and 
also  contributed  less  than  1  percent  of  the  total  phosphate  each.  The 
concentrations  of  the  individual  components  shown  in  Figure  2  are:  7.1 
percent  orthophosphate,  2.1  percent  pyrophosphate,  3.0  percent  tripoly¬ 
phosphate,  2.6  percent  tetrapolyphosphate,  17.2  percent  P5  through 
P|3,  and  67.4  percent  higher  polyphosphates.  The  variation  in  the 
composition  of  these  constituents  for  the  same  generator  conditions  was 
approximately  ten  percent. 

The  vapor  phase  of  the  RPBR  smoke  was  analyzed  to  identify  possibly 
toxic  species  resulting  from  the  pyrolysis  and  combustion  of  the  fuel 
or  the  organic  butyl  rubber  additive.  The  direct  analysis  of  gaseous 
samples  (0.5  mL)  showed  only  one  peak  on  the  FID  which  eluted  within 
one  minute  of  when  the  sample  injection  was  made.  The  concentration  of 
this  peak  was  calculated  based  upon  the  response  for  pentane  and  was 
estimated  to  be  less  than  5  ppm  (v/v).  Judging  from  the  retention  time 
of  this  peak,  it  is  most  likely  a  low  molecular  weight  hydrocarbon  such 
as  methane  or  ethane.  No  peaks  were  detected  on  the  NPD. 

To  qualitatively  determine  organics  which  may  be  ["resent  in  the 
vapor  phase  at  trace  levels,  samples  were  also  collected  on  Tenax/ 
Spherocarb  cartridges  or  trapped  in  a  U-shaped  tube  immersed  in  a 
liquid  nitrogen-pentane  slush  bath.  The  samples  were  drawn  through 
glass  fiber  filters,  which  removed  the  particulate  phase  of  the 
aerosol,  onto  the  traps  with  vacuum  sampling  pumps.  Tlje  trapned 
volatiles  were  then  thermally  desorbed  at  elevated  temperature  and  the 
eluted  volatiles  analyzed  on  the  column  packed  with  I  percent  SP-1000 
on  Carbopack  B.  Determinations  were  made  both  by  FID  and  ?iS,  Figure  3 
shows  the  FID  profile  of  a  sample  concentrated  in  liquid  nitrogen- 
pentane  and  Table  3  lists  the  compounds  identified  by  MS.  The 
generator  and  sampling  conditions  are  given  in  the  figure.  Tlie  major 
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Fi<;urc  2.  Phosphoric  Acid  Polymer  Speciation  Profile 
of  Aerosol  from  RPBR  Extrusion/Combustion 
Generator.  Aerosol  Concentration,  1.8  mg/L 
Relative  Huoidity,  58  Percent. 
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Figure  3,  Gas  Chromatographic  Profile  of  Organic  Volatiles 

in  Aerosol  From  RPBR  Extrusion/Corabustion  Generator, 
polatiles  Concentrated  in  Liquid  N2/Pentane  Cooled 
Trap.)  FID  Detector. 
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TABLE  3.  COMPOUNDS  IDENTIFIED  IN  GAS  PHASE  OF  RPBR  SMOKE 


Peak  Number® 

^4^10 

1 

Cyclohexane 

2 

^6^12  Olefin  or  Cyclo  Compound 

3 

2 , 3 -Dimethyl  butane 

4 

3-Me  thyl pentane 

5 

2-Me  thyl pentane 

6 

n-Hexane 

7 

2, 4-Diraechylpentane^ 

8 

Toluene 

P4 

^Peak  numbers  refer  to  Figure  3. 
^Tentative 


constituents  in  the  chamber  atmosphere,  identified  by  MS  and  verified 
by  retention  times  of  standards,  were  found  to  be  hydrocarbons. 
These  hexane  isomers  were  also  identified  in  the  solvent  used  to  soften 
the  RTOR  for  extrusion.  Since  hexane  is  known  to  have  some  neurotoxic 
effects,  and  since  it  is  present  in  elevated  concentrations  in  the 
treated  RPBR,  efforts  were  made  to  quantitate  this  compound.  Samples 
were  collected  on  the  adsorbent  cartridges  and  the  nC^  peak  compared 
to  liquid  standards  which  were  analyzed  by  direct  injection.  Normal¬ 
ized  to  an  aerosol  concentration  of  1  mg/L,  the  average  hexane  content 
in  the  chamber  was  found  to  be  4.4  ug/U.  Concentration  levels  in  this 
range  are  not  expected  to  pose  any  significant  toxicological  hazard  as 
the  OSilA  3  hr  time  weighted  average  limit  Is  0.18  og/L, 

MS  analysis  also  gave  evidence  of  elemental  phosphorus  in  the  gas 
phase.  Since  standards  for  Pj^  are  not  available  and  could  not  be 
easily  prepared,  this  pevik  was  not  quantitated.  Elemental  phosphorus, 
however,  can  be  detected  at  low  ng  levels  by  MS,  indicating  tliat  the 
concentration  is  in  the  low  ppb  range.  All  of  the  compounds  deter¬ 
mined,  however,  are  expected  to  be  very  low  in  concentration  since  they 
were  not  detected  by  direct  analysis. 

Two  methods  have  been  used  to  estimate  the  organic  chemical  concen¬ 
tration  in  the  particle  phase.  Initially,  bulk  liquid  condensate  from 
the  aerosol  was  collected,  subjected  to  an  extraction  procedure,  and 
Chen  analyzed  by  OC.  Only  weak  peaks  were  seen.  It  was  not  estab¬ 
lished  whether  these  came  from  Che  aerosol,  the  solvent,  or  other 
contaminating  influences.  Nor  does  the  chromatographic  procedure 
eliminate  cite  possibility  of  non-chromatographical  species.  To  attain 
a  more  quantitative  estimate  of  organics,  a  conventional  total  organic 
carbon  analysis  (TOC)  was  performed  on  the  .’"rosol.  For  this  experi¬ 
ment,  to  prevent  possible  contamination  from  filters,  the  aerosol  was 
collected  by  impingement  into  water  using  an  all  glass  apparatus.  This 
sample  was  subjected  to  TOC  analysis.  The  results  obtal.ncd  at  two 
different  aerosol  concentrations  were  as  follows: 


1.3  1.0  130 

3.5  2.8  85 


These  results  Indicate  only  a  very  slight  transfer  or  transformation  of 
the  organic  constituents  of  the  RPBR  to  the  particle  phase.  These 
analyses  were  performed  to  establish  an  upper  limit  to  the  organic 
content.  It  indicates  that  the  organic  content  is  approximately  0.01 
percent  of  the  particulate  phase. 

Carbon  monoxide  and  carbon  dioxide  were  also  determined  in  the  RPBR 
generator  produced  aerosols.  The  results  for  three  different  concen¬ 
tration  levels  are  presented  in  Table  4. 
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TABLE  4.  CONCENTRATIONS  OF  CO2  AND  CO  IN  RPBR  GENERATOR  SMOKES 


Aerosol 

Concentration 

(mg/L) 

H3PO4 

(ag/L) 

CO2 

ppm 

(v/v) 

CO2 

from  RPBR 
Combustion^ 

CO 

ppm 

(v/v) 

2.2 

1.5 

500 

150 

25 

4.0 

2.9 

570 

220 

26 

5.3 

3.7 

720 

370 

24 

®C02  concentrations  after  subtracting  ambient  air  blanks 
of  350  ppo. 


As  the  aerosol  concentration  increased,  the  CO2  levels  also 
increased.  An  average  value  or  25  ppm  was  obtained  for  CO.  CO2  was 
found  to  be  of  the  same  magnitude  as  that  in  the  laboratory  sir.  It 
can  be  calculated  that  CO2  from  burning  RPBR,  assvning  complete  com¬ 
bust  ion  of  the  5  percent  butyl  rubber  and  8  percent  hexane,  should  be 
100  pp<a  for  an  aerosol  of  1  sg  The  close  agreement 

between  this  value  and  cIms  experimental  findings  further  indicates  that 
nost  of  the  organic  eaterial  is  completely  oxidised. 

An  analysis  was  also  performed  for  phosphine.  This  substance  is 
extresscly  toxic,  having  an  eight  hour  exposure  Holt  established  by 
OSliA  of  0.3  ppo.  Gas  samples  were  collected  atid  directly  injected  intn 
a  GC  with  N?0  detection.  No  phosphine  wss  detected  in  any  of  tlie 
samples.  Using  standards,  we  established  a  low  detection  Halt  of 
approximately  Q.l  ppo.  Phosphine  is  fortsa  by  reduction  of  phosphorus. 
These  results  tend  to  confirm  a  general  conjecture  that  little  could  be 
foroed  in  3  strongly  oxidising  flame.  Seall  aamints  of  phosphine  can 
be  detected  by  odor  fro«  freshly  opened  cans  of  raw  RPBR.  Presumably, 
it  is  formed  in  trace  quantities  by  the  reaction  of  elcscntal  phospho¬ 
rus  with  water. 
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SMOKE  COMPOSITION  AS  A  FUNCTION  OF  GENEPATOR  CONDITIONS 


The  effects  of  humidity,  air  velocity  across  the  burning  phos¬ 
phorus,  aerosol  concentration,  and  time  of  standing  in  the  chamber 
(age)  on  the  composition  of  c.ie  aerosol  from  RPBR  under  continuous 
generation  conditions  were  investigated.  A  range  of  conditions  was 
examined  not  only  to  define  the  aerosol  under  potential  inhalation 
exposure  conditions,  but  also  to  provide  some  insight  to  its  chemistry 
in  more  variable  field  generation  conditions.  Generally,  to  examine 
the  effects  of  each  condition,  other  parameters  were  held  constant 
(i.e.  ,  as  the  air  velocity  was  varied,  the  concentration  and  humidity 
were  maintained  at  a  fixed  level).  Only  major  compositional  properties 
were  measured;  changes  in  trace  impurities  were  not  Investigated  in 
this  facet  of  the  study. 

Humidity,  the  moisture  content  of  the  air,  is  a  major  factor  in 
controlling  the  composition  of  a  'hygroscopic’  aerosol.  Since  our 
aerosol  is  essentially  a  water  solution  of  phosphoric  acid,  it  is 
expected  that  the  individual  particles  will  grow  or  diminish  by  absorp¬ 
tion  or  desolation  of  water  from  the  air  that  surround  them.  Their 
size  and  their  gross  composition  will  f.djust  until  the  vapor  pressure 
of  water  at  their  surface  is  the  same  as  the  partial  pressure  of  water 
vapor  in  the  humid  air.  -  .  audition,  as  we  shall  discuss  later,  the 
concentrations  of  the  poj.ymeric  phosphoric  acids  also  depend  on  the 
humidity. 

Moisture  levels  in  the  incoming  air  from  20  to  approximately  100 
percent  were  produced  by  mixing  dry  air  with  air  saturated  with  water 
from  a  steam  generator.  These  streams  x-^ere  combined  and  well  mixed  in 
a  mixing  chamber  located  just  before  the  burning  chamber  of  the  gene¬ 
rator.  The  humidity  of  the  Incoialng  air  was  measured  here  both  with 
conventional  psychromecric  techniques  (e.g,  wet/ dry  bulb  thermometry) 
and  by  gravimetric  absorption  of  known  volumes  onto  magnesium  perchlor¬ 
ate  traps.  The  humidity  in  the  chamber  was,  of  course,  not  the  same  as 
that  of  the  incoming  air.  Not  only  does  the  nascent  phosphorus  pentox- 
ide  absorb  some  of  the  water,  but  the  walls  of  the  chamber  and  the 
delivery  tubing  have  adsorbed  moisture  that  only  slowly  adjusts  to  an 
equilibrium  with  the  water  in  the  air.  In  the  chamber,  with  phosphoric 
acid  aerosol  present,  the  conventional  techniques  were  not  reliable, 
and  we  relied  entirely  on  gravimetric  sampling.  Detailed  analyses  of 
conditions  and  gross  phosphoric  acid  composition  are  summarized  in 
Table  5.  Relative  humidities  are  temperature-dependent  and  were  calcu¬ 
lated  from  the  measured  x-zater  vapor  at  the  given  temperature.  The  data 
in  the  table  represent  two  runs  on  different  days  with  the  generator 
and  air  flow  (250  L/min)  set  to  produce  a  constant  aerosol  concentra¬ 
tion.  This  is  reflected  in  the  analytical  data  of  column  8  (Table  5) 
representing  the  aerosol  concentration  measured  as  phosphoric  acid.  It 
will  be  noted,  however,  that  the  weight  concentration  of  the  aerosol 
increases  markedly — over  a  factor  of  two  in  the  data  of  Table  5.  This 
is  a  consequence  of  increased  water  content  of  the  aerosol  particles 
and  is  reflected  in  the  aerosol  composition  expressed  as  percent  phos¬ 
phoric  acid.  The  weight  percent  phosphoric  acid  in  the  aerosol  as  a 
function  of  water  vapor  concentration  is  shown  graphically  in  Figure  4. 
The  line  in  the  figure  represents  the  xveight  percent  of  pure  orthophos- 
phoric  acid  that  is  in  equilibrixim  with  water  vapor 5  and  is  shown 
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WATER  VAPOR  CONCENTRATION  (mg/L) 


Figure  4.  Phosphoric  Acid  Concentration  as  a  Function  of 

Water  Vapor  Concentration.  Dotted  Line  is  Water 
V.  por  Concentration  Over  Phosphoric  Acid  Solutions. 
(Derived  From  Data  in  Ref.  9.) 
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for  comparison  purposes.  Although  the  aerosol  is  not  orthophosphoric 
acid,  but  contains  complex  polymeric  forms  of  the  acid,  one  would 
expect,  as  a  first  approximation,  the  vapor  pressures  over  the  two 
solutions  to  be  very  similar  at  equilibrium. 

The  detailed  resolution  of  the  composition  of  the  aerosol  into 
phosphoric  acid  polymers  is  summarized  in  Table  6.  In  Figure  5,  the 
results  are  summarized  graphically  where  the  concentrations  of  ortho¬ 
phosphate,  the  summation  of  P2  to  linear  polymers,  and  the 

concentrations  of  higher  polymers  are  compared.  Orthophosphoric  acid 
concentration  tends  to  decrease  with  increasing  humidity.  A  similar 
but  less  pronounced  pattern  is  seen  for  the  straight  chain  polymers. 
The  chroma tographlcally  unresolved  'complex*  phophoric  acid  species, 
however,  increase  with  increasing  humidity.  These  trends  are  not 
completely  understood,  but  are  probably  related  to  the  rates  of 
depolymerization  of  these  species  which  are  much  faster  at  high 
acidities.  At  high  humidities,  the  acidity  is  lower  and  the  polymeric 
species  survive  depolymerization  longer. 

Particle  size  distributions  of  the  aerosols  were  measured  using 
cascade  impactor  techniques.  A  complete  discussion  of  the  impactor, 
the  sampliM  techniques  and  the  data  reduction  steps  has  been  given 
elsewhere. Briefly,  samples  were  taken  into  a  Mercer/ Love lace 
type  impactor  at  a  flow  rate  of  one  liter  per  minute.  The  under-stage 
plates  were  analyzed  for  the  amount  of  phosphoric  acid  collected  and 
from  these  data  cumulative  fractions  of  the  material  collected  were 
plotted  as  a  function  of  particle  diameter.  Stage  constants  were  eval¬ 
uated  using  the  formalism  of  Marple^^O)  discussed  in  reference 
12.  We  report  here  Stokes  (physical)  diameters.  In  the  calculation  of 
stage  constants  in  terms  of  Stokes  diameters,  known  values  of  phospho¬ 
ric  acid  solution  densities  corresponding  to  the  solution  composition 
(percent  H3PO4)  were  used.  The  data  are  interpreted  as  logarithmic 
normal  distributions.  A  typical  logarithmic  probability  plot  of  the 
data  is  shown  as  Figure  6  and  the  Stokes  mass  medium  diameters  and 
geometric  standard  deviations  are  tabulated  in  Table  5.  As  can  be  seen 
from  the  tabulated  data,  little  change  of  particle  diameter  was  seen  in 
the  range  of  humidities  investigated. 

A  series  of  tests  was  also  performed  to  determine  the  effect  of  air 
velocity  across  the  burning  RPBR.  As  the  linear  velocity  of  air  across 
the  burn  increases,  the  flame  temperature  increases  which  can  influence 
oxidation  and/or  hydration  processes  involved  in  the  formation  of  the 
aerosol.  To  examine  the  effects,  samples  were  collected  and  analyzed 
at  three  different  velocities:  123,  252,  and  493  m/min.  Tlie  252  m/min 
velocity  simulates  burn  conditions  used  in  the  exposure  studies  at 
IITRI,  In  that  system,  500  L/min  unrestricted  air  flow  (corresponding 
to  approximately  250  m/rain  air  velocity  at  the  burn  site)  is  used  to 
deliver  the  aerosol  as  it  is  formed  into  the  environmental  exposure 
chamber.  The  standard  operating  condition  for  the  ORNL  0.3  m^ 

chamber  is  250  L/min  air  flow  through  a  1.4  inch  diameter  glass  insert 
at  the  inlet  of  the  burn  cliambar,  which  provides  a  velocity  of  252 
m/mln  across  the  burn  site.  The  velocity  was  changed  by  removing  the 
1.4  inch  insert  (i.e.  ,  using  no  restrictor  for  the  air  flow)  or 
replacing  it  with  a  I  inch  diameter  insert,  Ttiis  changes  the  velocity 
to  123  m/min  and  493  m/min,  respectively.  Samples  for  analysis  at  all 
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Concentration  of  Phosphoric  Acid  Polymers  in  RPBR 
Aerosol  as  a  Function  of  Humidity.  Concentrations 
of  o-Phosphorus  Acid,  Linear  Polymers  From  P2  to  P14 
and  Higher  Polymers  are  Shown. 


three  velocities  were  collected  at  an  approximate  aerosol  concentration 
of  2  mg/L,  The  relative  humidity  in  the  chamber  was  45  percent  and  the 
total  air  flow  was  maintained  at  250  L/min. 

The  contributions  of  the  various  phosphate  species  toward  the  total 
amount  of  phosphate  determined  in  each  sample  are  given  in  Table  6  and 
shown  graphically  for  orthophosphate  through  P2^2  Figure  7,  The 
data  show  that  lower  quantities  of  higher  polymeric  species  were  formed 
as  the  air  velocity  was  increased  across  the  burn  site.  The  concentra¬ 
tion  of  orthophosphate  was  also  slightly  elevated  at  the  fastest  burn 
velocity.  No  appreciable  differences  were  observed  in  particle  size 
distribution  (see  Figure  8)  and  no  differences  were  found  in  the  burn 
efficiencies  since  the  percent  total  phosphate  remained  the  same. 

RPBR  aerosol  samples  collected  at  chamber  concentrations  ranging 
from  approximately  1  mg/L  to  8  mg/L  were  analyzed  to  determine  the 
effects  of  concentration  on  the  physical  and  chemical  composition. 
Data  were  obtained  from  different  sets  of  analyses  conducted  at  various 
times.  The  results  for  phosphate  speciation  indicated  that  there  are 
no  major  compositional  differences,  with  only  minor  variations  in  the 
contributions  of  each  species.  The  results  for  three  different  concen¬ 
trations  are  shown  in  Table  6. 

The  most  pronounced  change  in  the  aerosol  occurred  as  it  was 
allowed  to  age.  Under  usual  exposure  conditions,  the  aerosol  is 
formed,  then  swept  into  and  out  of  the  chamber  so  that  the  residence 
time  of  the  particles  is  only  a  few  minutes.  This  dynamic  system  is 
used  to  maintain  uniform  and  reproducible  conditions  for  the  biological 
exposures.  In  the  field,  however,  the  smoke  cloud  may  persist  for 
longer  times,  particularly  in  calm  weather  conditions.  To  determine 
the  changes  that  occur  with  time,  a  separate  study  was  conducted.  The 
RPBR  aerosol  was  generated  continuosly  and  delivered  to  the  chamber 
until  steady  state  conditions  were  reached  as  evidenced  by  the  light 
scattering  monitors.  Samples  were  collected  at  this  time  and  arbitrar¬ 
ily  designated  'unaged'.  The  chamber  was  then  sealed  at  both  entrance 
and  exit  and  samples  were  periodically  taken.  For  completeness  and  to 
emphasize  the  time  dependent  changes,  the  experiment  was  continued  for 
two  hours  even  though  it  seemed  unlikely  that  field  aerosols  would 
persist  that  long.  Duplicate  experiments  were  performed.  The  aerosol 
was  generated  with  incoming  relative  humidity  of  30  percent  and  an  air 
velocity  across  the  burn  of  250  m/min.  An  aerosol  mass  concentration 
of  1.8  mg/L  was  measured  before  the  chamber  was  sealed. 

Chromatographic  profiles  of  the  unaged  and  120  min  aged  aerosol  are 
shown  in  Figure  9.  Generally,  the  concentrations  of  orthophosphate  and 
straight  chain  polymers  from  P2  through  Pj3  increase  time, 
while  the  higher  polymers  almost  completely  disappeared.  These  changes 
again  reflect  the  rapid  rate  of  depolymerization  in  the  highly  acidic 
aerosol.  To  further  examine  the  hydrolytic  process,  pad  samples  from 
an  unaged  aerosol  were  extracted  in  water  rather  than  NaCl/EDTA  solu¬ 
tion  which  inhibits  the  depolymerization.  The  aerosol  from  which 
samples  were  collected  for  analysis  was  generated  under  conditions 
similar  to  those  used  in  the  aging  study.  Following  extraction,  the 
samples  were  analyzed  every  24  hrs  up  to  72  hrs.  It  was  determined 
that  hydrolysis  is  much  slower  in  a  dilute  solution  than  in  the 
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SPECIATION  AS  A  FUNCTION  OF  AIR  VELOCITY 


Figure  8.  Effect  of  Air  Velocity  Across  Burning  RPBR 
on  Particle  Size  Distribution. 
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Comparison  of  Phosphoric  Acid  Polymer 
Concentrations  in  Fresh  and  Aged  RPBR  Aerosol. 
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concentrated  aerosol  particles.  The  concentration  of  long  and  branched 
chain  polymers  was  found  to  decrease,  but  the  concentration  of  trimeta- 
and  tetrametaphosphate  increased.  The  level  of  orthophosphate  also 
increased,  but  only  slightly.  The  results  are  reported  in  Table  7,  and 
profiles  of  an  aged  aerosol  sample  and  hydrolyzed  sample  (l.e.,  aerosol 
extracts  in  water)  are  shown  in  Figure  10  for  comparative  purposes. 

The  particle  size  growth  with  time  is  tabulated  in  Table  8  where 
mass  median  diameters  and  geometric  standard  deviations  taken  from 
logarithmic  probability  plots  of  cascade  impactor  data  are  shown. 
Diameters  increase  from  about  0.4  pm  initially  to  1.65  pm  after  two 
hours.  Such  growth  patterns  are  typical  of  concentrated  aerosols  and 
are  usually  considered  to  be  the  result  of  Brownian  coagulation  mecha¬ 
nisms.  Note  also  the  gradual  decrease  in  aerosol  concentration  that 
was  particularly  evident  on  long  standing.  It  is  probable  that  this 
represents  losses  due  to  migration  to  the  chamber  walls  and  se  “ling, 
rather  than  chamber  leaks. 


TABLE  8.  RPBR  MASS  MEDIAN  PARTICLE  SIZE  AS  A  FUNCTION  OF  AEROSOL  AGE 


Mass  Median 

Aerosol  Mass 

Age 

Particle  Size 

U8^ 

Concentration 

min^ 

urn 

(mg/L) 

Turret‘s 

.38 

1.4 

0 

.37 

1.5 

1.81 

0 

.41 

1.4 

1.84 

5 

.95 

1.3 

1.69 

18 

1.15 

1.3 

1.69 

29 

1.35 

1.3 

1.62 

30 

1.40 

1.4 

1,65 

1.55 

1.3 

1.05 

120 

1.65 

1.4 

.54 

^Time  after  generator  stopped  and  chamber  sealed 
^geometric  standard  deviation 

^Sample  collect'  ^  in  tlie  turret  section  of  the  exposure  chamber 

COMPARISON  OF  RPBR  AND  WPF  UNDER  FREE  BURNING  CONDITIONS 

In  this  section  we  discuss  chemical  similarities  ar«d  differonces 
encountered  in  the  smokes  when  RPBR  and  UPF  formulations  are  burned 
under  frf'e  burning  conditions ,  The  primary  purpose  was  to  compare  the 
combustion  products  of  the  two  formulations  when  burned  under  similar 
conditions.  In  the  work  discussed  so  far  in  this  report,  RPBR  was 
burned  in  a  strong  air  flow  for  delivery  into  chambers  for  toxicology 
testing.  No  such  generator  was  available  for  Wid*  .  Hence,  a  simpler 
system  for  burning  these  materials  was  devised  so  that  they  could  be 
compared  as  burned  under  similar  conditions.  The  device  is  diayraamed 
in  Figure  11.  Pellets  of  the  materials  were  placed  on  a  bed  of  clean 
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10.  Comparison  of  Phosphoric  Acid  Polymers  in  Aged  RPSR 
Aerosol  .ind  a  Hydrolyzed  Ri'BR  Aerosol  Sample. 


sand  in  a  canopy  chamber,  the  pellets  were  ignited  and  the  aerosol 
carried  to  the  exposure  chamber  for  sampling.  The  canopy  chamber  was 
designed  so  that  excess  air  was  always  available,  but  so  that  direct 
drafts  across  the  material  were  minimized.  The  air  entering  the  canopy 
chamber  was  controlled  by  a  window  located  just  above  the  burning  zone. 
To  help  regulate  the  aerosol  concentration,  dilution  air  was  added 
through  a  plenum  in  the  line  leading  to  the  sampling  chamber.  Much  of 
the  phosphorus  from  a  munition  detonation  burns  on  the  ground  under 
conditions  which  are  simulated  by  this  apparatus.  Particles  of  RPBR 
were  used  as  received.  The  WPF  was  cut  under  water  into  similarly 
sized  pieces  (ca.  0.5  g) .  The  concentration  of  smoke  in  the  sampling 
chamber  was  controlled  with  the  aid  of  on-line  aerosol  concentration 
monitors.  As  the  burning  of  one  fragment  subsided,  another  was 
manually  added.  As  expected,  the  smoke  concentration  fluctuated  as  is 
shown  in  Figure  12.  For  the  WPF,  the  aerosol  concentrations  ranged 
from  2  to  8  mg/L  and  for  the  RPBR  2  to  6  mg/L.  Typically,  the  WPF 
burned  more  vigorously  than  the  RPBR.  The  combustion  was  never 
complete.  At  the  end  of  a  run  there  was  a  considerable  amount  of 
charred  and  unburned  residue  that  contained  some  elemental  phosphorus. 

The  smokes  generated  from  the  free-burning  conditions  were  ana¬ 
lyzed  to  define  their  physical  and  chemical  properties  for  qualitative 
and  quantitative  comparisons  of  the  various  constituents  present  in  the 
smokes.  A  series  of  analyses  including  phosphate  speciation,  volatile 
organics,  and  particle  size  distribution  were  conducted  on  experimental 
burns  performed  under  nearly  identical  conditions.  These  generation 
parameters  are  given  in  Table  9. 

TABLE  9.  GENERATION  CONDITIONS  FOR  FREE-BURNING  RPBR  AND  WPF 


Average  concentration: 

Relative  humidity; 

Air  flow  through  burn  chamber: 
Dilution  air  flow: 

Chamber  tempers  :ure: 


2.5  mg/L  for  RPBR  and  2,9  mg/L  for  WP-F 

40  percent 

100  L/min 

150  L/min 

21‘’C 


Figure  13  shows  the  results  obtained  for  the  phosphate  speciation. 
The  profiles  were  very  similar  with  regard  to  the  number  of  compounds 
detected  and  their  concentration  levels.  Contributions  for  individual 
phosphates  are  given  in  Table  10.  Hie  slightly  elevated  concentrations 
of  the  higher  polymeric  fonns  (beyond  P5)  in  the  RPBR  may  reflect  the 
differences  in  burn  temperature  and  rate  of  burning.  Overall,  however, 
the  results  of  burning  the  RPBR  and  WPF  were  very  similar.  Ihe  highest 
polymeric  phosphate  found  was  Pjj,  and  none  of  the  complex  cyclic 
compounds  were  seen  when  either  RPBR  or  WPF  were  burned  under  these 
conditions.  Ttiis  is  in  distinct  contrast  to  the  results  obtained  with 
RPBR  as  generated  from  the  continuous  generator.  Further  experimental 
work  would  be  necessary  to  begin  to  understand  the  causes  of  this 
interesting  difference. 
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Time  Dependent  Aerosol  Concentrations  From  RPBR 
and  WPF  as  Produced  in  the  Free  Burn  System. 
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aetention  Time  (min.) 


Figure  13.  Phosphoric  Acid  Polymer  Concentrations  From  WPF 

and  RPBR  Aerosols  Under  Static  Burning  Conditions, 
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TABLE  10.  CCMPOSITION  OF  THE  PHOSPHORIC  ACIDS  IN  PHOSPHORUS  SMOKES 
PRODUCED  FROM  STATICALLY  BURNED  RPBR  AND  W?F 


RPBR 

WPF 

Composition 

in  Percent 

Orthophosphate 

22.8 

23.8 

Pyrophosphate 

19.6 

26.6 

Tripolyphosphate 

13.3 

16.3 

Tetrapoly phosphate 

11.5 

11.3 

P5-P13 

32.8 

22.0 

Higher  Polyphosphates 

low 

low 

A  gas  chromatographic  search  for  volatile  organics  and  organophos- 
phates  was  carried  out  by  direct  injection  of  0.5  mL  gas  samples  col¬ 
lected  from  the  smoke  filled  chamber.  No  organic  compounds  were  seen 
using  FID  with  the  exception  or  a  small  peak  eluting  within  one  minute 
of  the  start  of  the  analysis  in  both  the  RPBR  and  WPF  samples.  The 
concentration  of  this  peak  was  less  than  5  ppm  (calculated  as  pentane) 
and  is  likely  a  low  molecular  weight  hydrocarbon  such  as  methane  or 
ethane.  Similarly,  chromatographic  profiles  using  NPD  detection  showed 
no  major  peaks.  A  compound  eluting  from  the  column  at  29  rain  was  seen 
but  proved  to  be  an  artifact.  It  outgassed  from  unused  gas  sampling 
bags.  When  the  WPF  volatiles  were  examined  at  much  higher  sensitivity, 
a  trace  of  phosphine  (approximately  1  ppm)  and  elemental  phosphorus  was 
seen.  No  standards  were  available  for  elemental  phosphorus,  but  the 
concentration  was  estimated  to  be  in  the  low  ppb  range.  The  identity 
as  was  confirmed  by  comparison  of  the  retention  time  with  that 
found  in  the  nitrogen  headspace  over  WPF.  A  mass  spectrographic  analy¬ 
sis  of  a  gas  sample  drawn  from  the  chamber  and  condensed  in  a  U-tube 
placed  in  a  liquid  nitrogen  bath,  also  detected  P4.  Neither  P4  nor 
phosphine  were  detected  in  the  gas  phase  of  RPBR  aerosols. 

Duplicate  particle  size  determinations  were  made  for  each  of  the 
formulations.  Results  are  shown  in  Figure  14  for  the  RPBR  and  WPF. 
There  was  little  difference  between  the  two  smokes  with  the  mass  median 
particle  diameter  for  each  being  Just  below  1  ym. 

To  detect  non-chroraatographable  organic  compounds  and  establish  an 
upper  limit  to  the  organic  content  of  the  particulate  phase,  TOC  analy¬ 
ses  were  coiuiucted.  For  RPBR,  at  an  aerosol  concentration  of  3.5  mg/L 
(2.9  mg/L  as  H3l’04),  total  organic  carbon  (TOC)  was  27  yg/g 
H3PO4.  For  WPF,  at  an  aerosol  concentration  of  5.0  mg/L  (4.2  rag/L 
as  H3PO4),  a  slgnflcantly  higher  value  of  415  yg  TOC/g  H3PO4 
was  found.  This  higher  level  was  expected  since  the  WPF  contains  a 
higher  percentage  of  organic  material. 


Analyses  for  GO  and  CO2  were  made  at  an  average  aerosol 
concentration  of  3.2  mg/L  for  the  RPBR  (corresponding  to  2.4  mg  of 
H3PO4/  pL)  and  3.5  mg/L  for  the  WPF  (corresponding  to  2.2  of 
H3PO4/L).  The  results  were  as  follows: 


CO2 

mL/mg  H-^POa 


CO2 

ppm  (v/v) 


CO 

ppm  (v/v) 


RPBR  0.05  120  4-8 

WPF  0.11  250  26 


The  CO2  concentrations  were  obtained  by  subtracting  the  ambient  air 
levels.  CO  was  monitored  continuously  in  the  chamber,  and  the  values 
reported  represent  the  average  concentration  during  the  burns.  It  was 
noted  that  as  the  WPF  aerosol  concentration  fluctuated  the  CO  levels 
decreased  or  increased  correspondingly.  For  the  RPBR  burns  the  CO 
levels  did  not  vary  with  the  aerosol  concentration  but  increased  as 
additional  fuel  was  added  and  decreased  as  the  rate  of  combustion 
increased.  Overall  the  levels  for  CO2  and  CO  indicate  that  most  of 
the  organic  material  is  completely  oxidized.  The  CO  concentrations  are 
sufficiently  low  that  they  are  not  expected  to  pose  any  exposure 
hazard. 

Smoke  produced  from  statically  burned  red  phosphorus  containing  no 
butyl  rubber  was  also  analyzed  to  allow  comparisons  with  the  aerosols 
produced  from  WPF  and  the  RPBR  formulation  burned  under  similar  condi¬ 
tions  and  using  the  extrusion  generator.  These  analyses  were  conducted 
to  determine  the  effects,  if  any,  of  the  butyl  rubber  on  the  combustion 
products  and  physical  properties  of  the  smoke.  The  powdered  RP  was 
first  pressed  into  small  pellets  to  facilitate  handling.  These  pellets 
were  then  burned  in  the  manner  described  for  free-burning  RPBR. 

Chamber  conditions  were  as  follows:  51  percent  relative  humidity,  252 
m/min  air  velocity,  and  2  mg/L  aerosol  concentration.  Samples  were 
collected  and  analyzed  for  total  phosphate  concentration,  particle  size 
distributions,  and  phosphoric  acid  3;  'cles.  Since  the  vapor  phase 

organic  content  in  RPBR  smoke  was  previously  found  to  be  very  low  in 

concentration,  no  additional  samples  were  collected  for  this  analysis. 

Particle  size  distribution,  determined  by  cascade  Impaction, 

appeared  to  be  log  normal  w;.th  a  mass  median  diameter  just  below  1  ym. 
k  comparison  of  RPBR,  WPF  and  red  phosphorus  free  burns  is  shown  in 
Table  11. 

The  HPLC  profiles  for  the  phosphoric  acids  were  similar  to  those 
obtained  for  RPBR  generator  produced  smokes.  Orthophosphate  contribu¬ 
ted  approximately  13  percent  to  the  total  phosphate  concentration,  P2 
through  P^2  ~  54  percent,  and  higher  polymers  -  33  percent.  This 
differs  from  the  WPF  and  RPBR  free  burns  where  the  higher  polymers  in 
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the  unresolved  envelope  were  not  present.  The  absence  of  higher  poly¬ 
meric  forms,  however,  may  be  a  reflection  of  the  chamber  humidity 
rather  than  the  nature  of  the  material  being  combusted.  Samples  from 
free-burning  RPBR  and  WPF  were  collected  at  lower  humidities  which 
influence  the  acidity  of  individual  particles  and  accelerates  depoly¬ 
merization  of  long  chained  phosphates.  Overall  there  were  no  major 
compositional  differences  and  the  profiles  obtained  were  as  expected. 


TABLE  11.  PARTICLE  SIZE  DISTRIBUTION  FOR  FREE  BURN  CONDITIONS 


Maas  Median 
Diameter 
ym 

Geometric 

Std.  Dev. 

RPBR 

.95 

1.6 

WPF 

.85 

1.6 

Red  Phosphorus 

.7 

1.6 

In  summary  the  chemical  character  of  the  aerosols  formed  from 
burning  RPBR  and  WPF  are  very  similar.  In  both,  particles  are  primari¬ 
ly  concentrated  phosnhoric  acid,  present  as  a  complex  mixture  of  poly¬ 
meric  forais.  The  distribution  of  these  polymers  is  very  similar  when 
RPBR  and  WPF  are  burned  under  similar  conditions.  Significant  differ¬ 
ences  in  polymer  distribution  were  seen  when  aerosols  were  formed  from 
RPBR  under  free-burning  and  extrusion-burning  conditions. 

The  organic  constituents  of  the  raw  materials  are,  for  the  most 
part,  completely  burned.  Organic  compounds  constitute  only  a  minor 
fraction  of  the  aerosol  particles..  For  example,  the  total  organic 
content  of  the  aerosol  from  WPF  was  ca.  400  pg/g  H3PO4  and  was  ca. 
15  times  less  in  RPBR.  The  difference  is  parallel  to  the  organic 
content  of  the  starting  material. 

Aerosol  particle  size  was  found  to  be  larger  with  the  free  burning 
of  both  RPBR  and  WPF  than  with  generator-produced  RPBR  aerosol.  This 
is  thought  to  be  due  to  the  delay  time  (aging)  in  transfer  of  the 
aerosol  from  the  free-burn  chamber  to  the  exposure  chamber  where  the 
measurements  were  made.  Even  so,  the  particle  diameters  remain  below  1 
Wa  and  are  well  within  the  respirable  range. 
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APPENDIX  A 


D0IW»-53.‘«;63(SA) 
12  febniary  19M 


HiLrrAHT  s?rcmcATi03 

PKOs?;;o-iu3,  ro,  oiled,  rrcEncAL  (ketric) 


Thie  ip^clflcatlon  Is  approved  for  use  by  US 
Amancnt  Research  had  Devclopsvint  Camsod,  Oepextcent 
of  the  Amy,  tad  Is  svullable  for  use  by  oH  Depsrt- 
ments  and  Ageocles  of  the  Depaxtsent  of  DofeoM, 


1,  SCOPS 

1.1  Scor^.  This  rpeclflcstlon  covers  ooe  techalcal  s^sde  of  oiled  red 
phoiphoms, 

2.  APPLICABLE  DOCUXETra 

2.1  Ifiuea  of  docure"ts.  Th*  follovioj  documents  of  the  Issue  in  effect 
on  date'or  invitatioa  for  bids  or  request  for  proposal  fora  *  part  of  this 
apocificstloft  toths  esteot  specified  herein. 


spJxrricATicns 


rosTJU. 

JRl-P-Tl  -  Pallots,  'Utarisl  HtndlinR,  Wood,  Striagor  Coostruc- 
tlon,  2-Way  and  L-Vay  (Partial) 

VY-L-220  -  Lufcrlcatlas  Oil,  Cenerti  Purpose  (Llsht) 


lilLITAP.f 

;nL-P-311  -  Phosphorus,  Red,  Technical  (Ketrlc) 

MILAa-326UT  -  Bs«,  Coaductive  Plastic,  Keat-Scalahle ,  ricsible 

rsc  13fi5 


I  LeaeOciol  covnents  (rcccrrcenSatloao,  caoitlone,  ooletloasi  and  any  i 
I  pertinent  data  vhlch  cay  be  of  uee  in  ieprovinx  this  docuneot  should  be  i 
I  odireitfl  to  I  Cc=uu\dcr,  US  Arcy  Amaaent  Prsesreh  sid  CcvclorMSt  l 
I  Cc.r^nd,  ATTRi  DRaA-R-TSC-a ,  Aberdeen  Provlnx  Grour.i,  Q  21C10  by  ucics  « 
I  tlis  self-addressed  Standardltatlon  Doevtaeat  laprovesect  Propoesd  » 
•  f’n  fnrn  lL?-i)  eT-.eartr.e  at  the  ml  of  this  doevTaent  or  bv  letter.  t 
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I!03-P-511i63(z;) 


CTA3D.*JaX3 

KILIT.'JvT 

KIL-3^D-i05  -  Sacpilli;;  Procedxirts  tai  Ttblc-a  fsr  Ir.cpcctioa  ty 
Attributes 

KIL-S1!>-129  -  Ksrblfts  for  Shlpaf-nt  sad  Stortfli  . '1 

KIL-ST:>-Ht7  _  PaUotlted  Unit  Loads  for  1»0"  tiy  W"  PsUsts 

(Copies  of  cpeclflcatlcos,  sttadards,  Arawinsa  cad  publleetlons  required 
by  contractors  in  eosnectioa  with  specific  orocurKteot  fuactloaa  should  bs 
obtained  frc=  the  procurioc  actlrlty  or  an  directed  by  the  coatractica  of¬ 
ficer.) 

?.2  Other  nubllect ioaa.  The  following  docuMctc  fern  a.  part  of  this 
epsciflcttlcn  to  the  extent  cpecifled  herein,  Unlcas  otberwic#  indietted, 
the  Icoue  in  effect  on  date  of  Inrit^tloa  for  bids  or  rcqucct  for  propoaal 
shall  apply, 

.  CODE  or  HDEUL  RKUUTICSS  (C?B) 

1*9  Ort  171  to  179  -  Departnoot  of  Transportation  Hazardous  Katerisls 

Regulations, 

(The  Code  of  Federal  Regulations  is  available  frea  tho  Superln*— 'dont 
of  Docuaents,  US  Govemaent  Printing  Office,  Waahlnctcn,  DC  <  '-*C2,  Crdero 
for  the  above  publication  should  clto  "1*9  CTR  171  to  179,") 

AHZRICAR  SOCIETY  TOR  TSSTIJ^O  AM)  MATERIALS  (ASTM)  STAMltiCS 
ni  -  Vire-Cloth  Sieves  for  Test*. Purposes 

(Application  for  copies  should  be  addressed  to  the  Ar-^rictn  Society  for 
Testing  and  Katerials,  1910  Race  Street,  Philadelphia,  .^A  19103.) 

(Technical  eociety  and  technical  association  apectflcf  '  oas  rwid  standard's 
ere  gracrslly  available  for  reference  froa  libraries,  Tlj  ore  also  dir- 
trlbuted  axong  technical  groups  and  using  Federal  agcaelea. . 

3.  RSQUIfUXEI.TS 

3.1  Cot:tv>Klt*c>n.  Oiled  red  phosphorus  shall  cosiclst  cf  red  pbocphonjs 
confarc'.n?:  to  clars  3  of  Mil— ?-211  which  has  been  uolfornly  coated  with 
lubricetlns  oil  eonforalng  to  '"V-I— SCO.  Ko  rther  rjterliJ.  aholl  be  used 
in  the  oanui'aciure  of  the  ollod  red  pboephorus  The  contractor  shall 
certify  tlvat  this  requircsicnt  hoc  bsco  ost. 
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3t2  A.pp<?*r»aef .  OLled  rod  pborpb^rus  •boll  bo  fret  froa  forel^ 

B&tttr  txid  vitlbXo  Icpurlttoo  «b«a  toitod  to  tpoeificd  ta  b.S.it.l. 

3.3  0.«;rlcrl  r.id  ph^pgteel  chArflctrrtytle?.  Olle  ’  red  phoephorMt  ibtll 
confon  to  ttaa  ctiealcd  tad  payolcr^  cbirtcterlcttco  of  ttbls  I  vbea  totted 
to  cpeclfled  tberein. 


“AELS  t.  Chrttecl  rad  pbTitefl  ehtrratertotlen 


C>j;racterlstle 


I  Test 

Percent  by  volr^ft  ;  oareLi-reph 


Oil  content 

Volttilt  atttor,  BMieua 

Pnrtlclo  tltet  rettlned  oa  o.  9o.  60 
(250  oicronoter)  tlcte,  pot  la- a 


1.22  to  1.28 

t 

t 

0.25 

1  k.2.k,l 
1 

0.5 

1  ka.u.h 

t 

4,  CTJALITTf  ASSltRAMCE  PROVISIOUS 

4.1  Rerponnlbllttv  for  tnrpcctloa.  Ualest  otbervlae  cpeclfled  I-  the 
contract,  tbo  coatrtxtor  to  renpoaslblc  for  the  perforaanco  of  til  laspec- 
tion  rcviirooonta  oa  cpeclfled  hareia.  E5:ce?t  to  otbanrtte  cpeclfled  la 
the  cootract,  tho  coatrcctor  cay  ute  bit  ovn  or  tay  other  ftcllltlet  cult- 
tblo  for  the  pcrforaaact  of  tbt  lacpectloa  retulrccenta  opeeifled  taerela, 
ua3-est  dlcapproTed  by  the  Goreraicnc,  The  CoYerraeat  reterret  the  rl^bt 
to  perfora  any  of  tha  laapeetlona  tet  forth  la  tbs  tpeclflcttloa  where 
ouch  lacptctloaa  cx«  deto^  aeettttry  to  tature  tuppllco  tod  serrlees  coa- 
fom  to  epeclfied  re(}ulx«xaeatt, 

4.2  C^etJt^r  canforr-sace  Lnrpcctlon. 


4.2.1  letting.  A  lot  cfcall  coaalct  of  tbt  oiled  red  pboaphorua  produced 
by  one  nanufccturer,  t*  oo«  plact,  froa  tb*  taote  otterlale,  tad  under 
otscatltUy  tba  ttat  b  'iftcturlns  eocditlcat  prerrlded  tha  cpcrotloa  It 
coatlnuou*.  8o  twrt  tbaa  cat  lot  of  red  photpborot  cc«  lot  of  lutrl- 
catlt5  oil  obill  be  uted  to  product  tbe  lot  Of  oUtd  red  pSaepborus.  la 
tha  rreat  tba  proceee  It  &  bttcb  operttloo,  c«ab  btCcb  tbtU  coottltott  a 
lot  (btt  6.3). 

4.2.2  Ferret  tPT. 

4.2.2. 1  T-ar  ertclontton  of  mcbetlc. 
accordance  vita 


SMcpllc^  3^0  coodocted  la 


K13-?-51163{i:'0 


1:,2.2.2  ror  t.rrt.  SiirpliRS  ciiJJ.  k«  csid-ctcd  la  eeeard&aee  vith  table 
II.  A  reprcufintatlve  stjieciEca  of  cpproslcately  53  ci’tao  (c)  cball  be 
resored  frc3  esch  eec^le  ecattiner  cad  pleoed  In  &  raitablc  clem,  dry  con¬ 
tainer  labeled  to  Ideatifj*  the  lot  end  container  frea  vbieh  it  vm  tahea. 

TABLE  II.  Samllnt;  for  test 


h\ai>;r  of  eontelaera  in  batch  or  lot 

2  to  25 
26  to  150 
151  to  1,200 
1,201  to  7,000 
7,001  to  20,000 
Orer  20,000 


rtober  of  g.ter;le  eontatner« 


L.2,3  lasncettca  procedure. 

1*,2.3.1  For  cxeaiafttioa  of  packerlo;.  The  oeaplo  unit  shall  be  one 
filled  shipping  container  reaay  for  shipcent.  Saaple  ohlppiag  containers 
..hall  bo  ci'-uiined  for  the  follovljig  defects  uaias  «»  AQL  of  2,5  percent 
■iefcctiYC! 

(a)  Contents  per  container  not  os  spec-lfled 

(b)  Container  not  os  Bpecifled 

(c)  Container  closure  not  as  specified 

(d)  Container  daaaged  or  .leaking 

(c)  Bag  liner  Blissing  or  not  ns  specified 

(f)  Marking  Incorrect,  tiiaolng,  or  illegible 

(g)  Bridence  of  oiled  red  pbaephorua  oo  bag  liner  erterior 

(h)  Unltitatioa  not  as  specified  (vben  required) 

>>,2,3.2  For  test.  Each  sanple  spccinen  taken  in  !i.2.2.2  shall  be 
tested  as  specified  in  Failure  of  any  test  by  any  speclnen  ohall 

be  cause  for  rejection  of  the  lot  represented. 

h,2.1i  Tcntg,  Reagent  grade  chmlcals  shall  be  used  throughout  the  testa. 
Whf.re  spplicahle,  blank  detcraicatlone  sbaM  be  run  and  corrections  applied 
vbtre  oignificant.  Teste  shall  be  conducted  as  follovsj 


hv2.h.l  _ATr>earanee.  Visually  eisalne  the  speclnen  for  evidence  of  foreign 
Batv«r  and  ir<uritlee. 


h,2.h.2  Oil  content.  Weigh  to  the  nearest  BiUlgrai  n,ipproxinately  5  g 
of  the  specinon  Into  a  lOO-ailllllter  (nl)  beaker.  Add  50  cl  of  isetfcylene 
chloride  and  stir  for  30  ninutes  vith  a  cechaalcaj  stirrer.  Filter  through 
X  double  thickness  of  12,5-centiaeter  VhntBson  Ho.  b2  or  e<}ual  filter  paper 
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K>P-5i»*5s(ai) 


lato  o  cleea,  twel,  claca  efajerttiac  dlch.  Wish  vlth  50  cl  cf  esthylea* 
c'^IztLCt.,  ?l£5e  tts  .tlsh  ec-ittlctr^  tt»  etlcrld* 

tii  cll  oo  &  otten  teth  sad  cr&^rsts  to  t;jirostnttc£y  3  i:!  of  cslKtloa. 
F-d^ors  the  rgttlalRg  eottyloae  chlerido  ta  ea  olr  ctr«»a.  I5?7  off  traces 
of  outside  eolstere,  cool,  aad  wstch.  Calcalats  the  poreent  by  weleat  oil 
costeot  ss  follow  t 

Perefet  oil  ■  103  (A  -  Ti> 

.  .  .  M  . 

«dv«rot  A  •  Uelsfat  of  dish  sad  rosldue  la  cross, 

B  ■  Welsht  of  dish  la  smas,  sad 
V  ■  Weight  of  cpeclsoa  la  ers&s. 

Vel&tile  patter.  Eeot  a  flst-bottoasd  glua  or  slustma  dish 
vlth  a  looaeVy  fitting  eovsr  la  s  hot  vstcr  bsth  for  at  losat  30  ninutes. 
Cool  the  dish  sad  cover  In  s  deolccstor  for  30  alnatcs  tad  weigh  thm  to¬ 
gether.  Imedistely  transfer  5  g  of  spoclaea  to  tba  dish,  cover  It,  and 
sccurtiely  velgh.  riaco  the  dish,  vlth  cover  reseated,  la  a  vasuves  desicca¬ 
tor  over  freshly  activated  silica  gol  aad  nalataln  a  suhstiatlnl  vacuis 
for  21;  hours,  Releoaa  the  taevtua  tlovly  aad  pass  the  Inccaiag  air  through 
a  fi'iltahle  drying  vesccl  fiUed  vlth  activated  alllea  gel.  Keplaca  the 
dlch  cover  aad  weigh.  Calculate  the  percent  hy  weight  tolatlle  scatter  as 
follows t 

Percent  volatile  natter  •  100  (A  -  B) 

mr^TT 

where!  A  •  v'eiyht  of  dlah,  cover,  aad  opecirvsn  before  evaporation, 
in  graiM, 

B  •  Weight  of  dish,  cover,  and  opectnen  after  evaporation 
In  graaa,  and 

r  ■  w.t^Kfc  nf  esipty  diah  aad  cover  in  graaa. 

Particle  sice.  Transfer  10  g  of  cpeclaen  onto  a  taxed  Ro.  60 
•  lev#  conforovog  to  ASW  Ell.  Tap  the  sieve  over  a  cheet  of  white  paper 
until  no  slgnlficent  aaount  of  naterlal  passes  through  the  sieve.  Add  an 
additional  10  g  of  speclaea  and  repeat  the  aierlng  procedure.  Brush  aaty 
reaaininq  residue  on  the  sieve  with  a  25-allliaster  Tarnish  brush  until 
no  asterial  passes  through  the  sieve.  Weigh  the  sieve  and  acterlal 
retained  on  It.  Celculnte  the  percent  by  weight  c&terlal  retclncd  on  the 
slcvo  os  follows t 

Pei  cent  retained  on  sieve  ■  103  (A  ~  B) 

W 

wberei  A  “  Weight  of  sieve  and  naterlal  retained  In  gretu, 

B  ■  Weight  of  sieve  in  grsas,  and 
w  •  weight  of  tpeclaeo  in  gnvaa. 


5.  PACTACna 

5.1  r.;  a  ?s»£atlty'6f  CT.Za-^  O.P5  fellojrs.1*  of  cllad  ; . 
red  pb9s;^Vu3  cueiJ.  ta  packed  la  a  resoreblo-^ed,  c^eted^ad  rteel  ' 
dna  vfcleh  preriftea  Boietnre  reclcteaee  aad  Is  ftonlcbed'rlth  an  electri¬ 
cally  cosdoctlve,  eloce-flttlaa  baj  llcsr.  Tbs  dn=i  cball  eeafona  to 
Cepertasst  of  Vrcno^rtatlon  (C3T)  Spociflc&tloa  iSA  o?  6^.  Tbs  tas  abnll 
eoafom  to  )m/-l-225!.7  end  ahall  to  fomod  frea  fila  haviss  o  cialrrja 
thlclmeai  of  0.7620  tdlllneter.  '‘Tbe  bcg  aball  to  eloeed  ty  tylcg  or 
knottlnA.  Tocre  shall  be  oo  erideoee  of  red  pbosphorua  on  tb«  exterior 
of  the  bag.  The  drua  ahall  be  closed  In  accordance  vttb  DOT  regulations. 

5.2  Ualtlratlon.  Vben  specified  (oee  6.2),  shipplas  containers  shall 

be  In  pjeordanee  vlth  tbs  nppllc.  ble  re<;ulrcasnt8  of  KIL-STD- 

lb7.  Pallets  ebell  eoafora  to  type  IV  of  5K-P-71,  A  horlsoatal  strap 
shall  be  epplled  to  eech  tier  end  tie-down  straps  parallel  to  the  1.0l6- 
neter  dinentlon  only  of  the  pallet  Ahall  be  used.  When  specified  (see 
6.2),  the  pellet  end  any  vood  storage  elds  shell  ba  treated  vltb  a  vood 
preservatlre  ca  specified  In  KS-P.Tl, 

5.3  Karting.  Each  container  shall  bo  narked  In  oceordanco  with  KIL- 
STD-129  end  DOT  regulations  and  sliall  bear  the  special  prominent  carklnr.l 
"Vhen  esptying,  elesp  the  bag  to  the  bare  inner  surface  of  the  drua  and 
sake  good  electrical  connection  to  ground.” 

6,  KOTES 

6.1  Intended  use.  Oiled  red  phosphorue  is  Intended  fvU'  use  as  an  ingre¬ 
dient  in  snoxe  cosposltions. 

6.2  Ordertr.g  data.  Procureaent  dociaents  should  specify  the  followings 

(a)  Title,  nwaber,  and  date  of  this  trpeclfleation. 

(b)  If  unititation  and  wood  preservative  are  requisred  (see  5.2). 

•j.3  Batch,  A  batch  is  defined  as  that  quantity  of  naterial  which  has 
been  cnmlfirtured  by  soae  unit  chenleal  process  or  subjeetfd  to  sons 
physical  nixing  operation  Intended  to  wake  the  final  produev.  substantially 
uni  fore. 

6.U  Significant  places.  For  the  puiposc  of  deterelnlng  C‘h' fcreance 
with  this  spccirication,  an  observed  or  cdculcled  «lue  cho-.ild  be 
rounded  off  “to  the  nearest  unit"  In  the  lest  rlcht-haad  piece  of  figures 
used  in  expreailng  the  llAltiog  value,  in  eccordonce  with  the  roundlng- 
off  method  of  ASTW  E29, 

Custodian: 
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APPENDIX  B 


TOTAL  PHOSPHATE  AND  PHOSPHORUS  SPECIATION 
Sampling 

Samples  were  drawn  directly  from  the  exposure  chamber  with  a  vacuum 
pump  onto  ^7  mm  glass  fiber  filter  pads.  Following  collection,  the 
samples  were  Immediately  extracted  by  placing  the  pads  In  100  mL  of 
0.22  M  NaCl  containing  5  mM  Na^  EDTA.  The  pads  remained  In  solution 
for  a  minimum  of  2  hours  prior  to  analysis  to  assure  maximum  recovery. 
Samples  placed  In  NaCl/EDTA  preserved  the  polyphosphate  species  for  a 
minimum  of  72  hours  at  room  temperature. 

Reagents 

All  chemicals  were  reagent  grade  and  were  used  as  received.  Pyro¬ 
phosphate,  trlmetaphosphate,  tripolyphosphate,  and  tetrapolyphosphate 
were  purchased  from  Sigma  Chemical  Co.  (St.  Louis,  MO).  Sodium  tetra- 
metaphosphat.a  was  donated  by  E.  J.  Griffith  (Jtonsanto,  St.  Louis,  MO). 
Orthophosphate  standards  were  prepared  from  sodium  hydrogen  phosphate 
purchased  from  the  Office  of  Standard  Reference  Materials,  National 
Bureau  of  Standards  (Washington,  DC).  All  standards  were  prepared  In 
0.22  M  NaCl  containing  5  mM  Na4  EDTA. 

The  reagent  used  In  the  flow  Injection  system  for  the  determination 
of  phosphates  was  a  5  to  1  mixture  of  5.7  x  10“^  M  ammonium  molyb¬ 
date,  (NH4)6  Mo7024*4H20,  in  1.8  M  H2SO4  and  0.05  M 
L-ascorbic  acid  containing  5  percent  (v/v)  acetone.  The  ascorbic  acid 
partially  reduces  the  Mo(VI)  to  Mo(V).  The  Mo(V)-Mo(VI)  complex  com¬ 
bines  with  orthophosphate  to  form  the  heteropolyblue  complex. 

Flow  Injection  Analysis 

The  flow  injection  system  was  adapted  from  Hirai,  et  al.,(^^) 
with  a  few  modifications.  An  Eldex  Model  E-120-S  pump  (Menlo  Park,  CA) 
delivers  the  molybdenum  reagent  at  a  flow  of  0.5  mL/cuf.n.  Samples  for 
total  phosphate  analysis  are  introduced  Into  the  reagent  stream  with  a 
Rheodyne  Model  7125  6-port  Injection  valve  equipped  with  a  20  pL  samp¬ 
ling  loop.  The  sample  and  reagent  react  In  a  10  m  PTFE  coll  heated  to 
140°C.  This  coil  is  wrapped  around  a  2  in.  O.D,  x  6  in.  glass  pipe 
which  is  then  wrapped  with  electrical  heating  tape.  The  temperature  is 
controlled  with  a  Barber  Coleman  Model  520  Soliu  State  Controller.  At 
140°C  the  hydrolysis  of  the  polyphosphate  species  to  orthophosphate  is 
95  percent  or  greater.  Tlie  reacted  sample  passes  through  a  1  m  coil 
cooled  by  chilled  water  before  flowing  through  an  Altex  Model  153  UV 
detector  (8  pL  volume,  10  mm  path).  Absorption  of  the  phosphate 
complex  Is  measured  at  660  nm.  Although  the  maximum  absorption  of  the 
heteropoly  blue  complex  is  at  820  nm,  the  sensitivity  was  satisfactory 
at  the  lower  wavelength,  thus  eliminating  the  need  to  make  costly 
modifications  on  the  fixed  wavelength  detector.  A  10  m  backpressure 
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coil  attached  to  the  exit  of  the  detector  preveats  anomalous  responses 
due  to  bubble  formation  caused  by  heating  the  reaction  coil. 

Total  phosphate  determinations  could  be  made  at  a  rate  of  25 
samples  per  hour.  The  relative  standard  deviation  for  replicate  injec¬ 
tions  was  less  than  1  percent  and  the  linear  range  was  from  1.5  to  105 
ppm. 

Chromatographic  Separations  of  Condensed  Phosphates 

A  Spectra  Physics  8700  solvent  delivery  system  was  used  for  pro¬ 
gramming  and  delivering  the  solvent  at  a  constant  flow  of  1  mL/min 
through  the  analytical  column.  Samples  were  injected  with  a  Rheodyne 
7125  6  port  injection  valve  with  a  50  pL  sample  loop  onto  a  Vydac  SC 
anion  guard  column  (4  cm  x  4  mm  I.D.  ,  Varian,  Palo  Alto,  CA).  The 
polyphosphates  were  separated  on  an  Aminex  A-27  8  percent  crosslinked 
quaternary  ammonium  anion  exchange  column  (30  cm  x  4  mm  I.D. ,  BioRad, 
Richmond,  CA)  using  NaCl  solutions  (pH  10)  containing  5  mM  Na^  EDTA, 
A  linear  gradient  from  0,28  M  NaJl  to  0.53  M  NaCl  over  a  40  min  time 
Interval  was  used  and  the  final  eluent  concentration  was  held  for  an 
additional  15  min.  Some  analyses  were  also  conducted  on  an  Aminex  A-14 
column  (4  percent  crosslinked  resin,  30  cm  x  7.8  mm  I.D. ,  BioRad).  In 
this  case,  the  solvent  was  programmed  from  0.31  M  NaCl  to  0-,53  M  NaCl 
at  a  linear  rate  over  a  260  min  time  interval.  The  effluent  from  the 
analytical  columns  was  introduced  directly  into  the  stream  of  reagent 
used  for  FIA.  A  diagram  of  the  complete  system  is  shown  in  Figure 
B-1. 
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